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TITLE: SENSOR ARRAYS FOR THE MEASUREMENT AND IDENTIFICATION OF MULTIPLE 
ANALYTES IN SOLUTIONS 

5 STATEMENT REGARDING FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

Research leading to this invention was federally supported, in part, by grant No. 1R0 1GM57306-01 
entitled "The Development of an Electronic Tongue" from the National Institute of Health and the U.S. 
10 Government has certain rights to this invention. 

BACKGROUND OF THE INVENTION 



1. Field of the Invention 

1 5 The present invention relates to a method and device for the detection of analytes in a fluid. More 

particularly, the invention relates to the development of a sensor array system capable of discriminating mixtures of 
analytes, toxins, and/or bacteria in medical, food/beverage, and environmental solutions. 

2. Brief Description of the Related Art 

20 The development of smart sensors capable of discriminating different analytes, toxins, and bacteria has 

become increasingly important for clinical, environmental, health and safety, remote sensing, military, 
food/beverage and chemical processing applications. Although many sensors capable of high sensitivity and high 
selectivity detection have been fashioned for single analyte detection, only in a few selected cases have array 
sensors been prepared which display solution phase multi-analyte detection capabilities. The advantages of such 

25 array systems are their utility for the analysis of multiple analytes and their ability to be "trained" to respond to new 
stimuli. Such on site adaptive analysis capabilities afforded by the array structures make their utilization promising 
for a variety of future applications. Array based sensors displaying the capacity to sense and identify complex 
vapors have been demonstrated recently using a number of distinct transduction schemes. For example, functional 
sensors based on Surface Acoustic Wave (SAW), tin oxide (Sn0 2 ) sensors, conductive organic polymers, and 

30 carbon black/polymer composites have been fashioned. The use of tin oxide sensors, for example, is described in 
U.S. Patent No. 5,654,497 to Hoffheins et al. These sensors display the capacity to identify and discriminate 
between a variety of organic vapors by virtue of small site-to-site differences in response characteristics. Pattern 
recognition of the overall fingerprint response for the array serves as the basis for an olfaction-like detection of the 
vapor phase analyte species. Indeed, several commercial "electronic noses" have been developed recently. Most of 

35 the well established sensing elements are based on SnOj arrays which have been derivatized so as to yield 

chemically distinct response properties. Arrays based on SAW crystals yield extremely sensitive responses to 
vapor, however, engineering challenges have prevented the creation of large SAW arrays having multiple sensor 
sites. To our knowledge, the largest SAW device reported to date possesses only 12 sensor elements. Additionally, 
limited chemical diversity and the lack of understanding of the molecular features of such systems makes their 
40 expansion into more complex analysis difficult. 
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Other structures have been developed that are capable of identifying and discriminating volatile organic 
molecules. One structure involves a series of conductive polymer layers deposited onto metal contacting layers. 
When these sensors are exposed to volatile reagents, some of the volatile reagents adsorb into the polymer layers, 
leading to small changes in the electrical resistance of these layers. It is the small differences in the behavior of the 
5 various sites that allows for a discnrnination, .dentif.cation, and quantification of the vapors. The detection process 
takes only a few seconds, and sensitivities of part-per-billion can be achieved with this relatively simple approach. 
This "electronic nose" system is described in U.S. Patent No. 5,698,089 to Lewis et al. which is incorporated by 

reference as if set forth herein. 

Although the above described electronic nose provides an impressive capability for monitoring volatile 
0 reagents, the system possesses a number of undesirable characteristics that warrant the development of alternative 
sensor array systems. For example, the electronic nose can be used only for the identification of volatile reagents. 
For many environmental, military, medical, and commercial applications, the identification and quantification of 
analytes present in liquid or solid-phase samples is necessary. Moreover, the electronic nose systems are expensive 
(e.g., the Aromascan system costs about 550,000/unit) and bulky (> 1 ft 3 ). Furthermore, the functional elements for 
15 the currently available electronic nose are composed of conductive polymer systems which possess little chemical 
selectivity for many of the analytes which are of interest to the military and civilian communities. 

One of the most commonly employed sensing techniques has exploited colloidal polymer microspheres for 
latex agglutination tests (LATs) in clinical analysis. Commercially available LATs for more than 60 analytes are 
used routinely for the detection of infectious diseases, illegal drugs, and early pregnancy tests. The vast majority of 
20 these types of sensors operate on the principle of agglutination of latex particles (polymer microspheres) which 
occurs when the antibody-derivatized microspheres become effectively "cross-linked" by a foreign antigen 
resulting in the attachment to, or the inability to pass through a filter. The dye-doped microspheres are then 
detected colorimetrically upon removal of the antigen carrying solution. However, the LATs lack the ability to be 
utilized for multiple, real time analyte detection schemes as the nature of the response intrinsically depends on a 
25 cooperative effect of the entire collection of microspheres. 

Similar to the electronic nose, array sensors that have shown great analytical promise are those based on 
the "DNA on a chip" technology. These devices possess a high density of DNA hybridization sites that are affixed 
in a two-dimensional pattern on a planar substrate. To generate nucleotide sequence information, a pattern is 
created from unknown DNA fragments binding to various hybridization sues. Both radiochemical and optical 
30 methods have provided excellent detection limits for analysis of limited quantities of DNA. (Stimpson, D. I.; 

Hoijer, J. V.; Hsieh, W.; Jou, C; Gardon, J.;Theriault, T, Gamble, R.; Baldeschwieler, J.D. Proc. Natl. Acad. Sci. 
USA 1995, 92, 6379). Although quite promising for the detection of DNA fragments, these arrays are generally 
not designed for non-DNA molecules, and accordingly show very little sensitivity to smaller organic molecules. 
Many of the target molecules of interest to civilian and military communities, however, do not possess DNA 
35 components. Thus, the need for a flexible, non-DNA based sensor is still desired. Moreover, while a number of 
prototype DNA chips containing up to a few thousand different nucleic acid probes have been described, the 
existing technologies tend to be difficult to expand to a practical size. As a result. DNA chips may be prohibitively 

expensive for practical uses. 

A system of analyzing fluid samples using an array formed of heterogeneous, semi-selective thin films 
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which function as sensing receptor units is described in U.S. Patent No. 5,5 12,490 to Walt et al., which is 
incorporated by reference as if set forth herein. Walt appears to describe the use of covalently attached polymeric 
"cones" which are grown via photopolymerizarion onto the distal face of fiber optic bundles. These sensor probes 
appear to be designed with the goal of obtaining unique, continuous, and reproducible responses from small 
localized regions of dye-doped polymer. The polymer appears to serve as a solid support for indicator molecules 
that provide information about test solutions through changes in optical properties. These polymer supported 
sensors have been used for the detection of analytes such as P H, metals, and specific biological entities. Methods 
for manufacturing large numbers of reproducible sensors, however, has yet to be developed. Moreover, no 
methods for acquisitions of data streams in a simultaneous manner are commercially available with this system. 
Optical alignment issues may also be problematic for these systems. 

A method of rapid sample analysis for use in the diagnostic microbiology field is also desirable. The 
techniques now used for rapid microbiology diagnostics detect either antigens or nucleic acids. Rapid antigen 
testing is based on the use of antibodies to recognize either the single cell organism or the presence of infected cell 
material. Inherent to this approach is the need to obtain and characterize the binding of the antibody to unique 
15 structures on the organism being tested. Since the identification and isolation of the appropriate antibodies is time 
consuming, these techniques are limited to a single agent per testing module and there is no opportunity to evaluate 

the amount of agent present. 

Most antibody methods are relatively insensitive and require the presence of 10 to 10 organisms. The 

response time of antibody-antigen reactions in diagnostic tests of this type ranges from 10 to 120 minutes, 
20 depending on the method of detection. The fastest methods are generally agglutination reactions, but these methods 
are less sensitive due to difficulties in visual interpretation of the reactions. Approaches with slower reaction times 
include antigen recognition by antibody conjugated to either an enzyme or chromopbore. These test types tend to 
be more sensitive, especially when spectrophotometric methods are used to determine if an antigen-antibody 
reaction has occurred. These detection schemes do not, however, appear to allow the simultaneous detection of 
25 multiple analytes on a single detector platform. 

The alternative to antigen detection is the detection of nucleic acids. An approach for diagnostic testing 
with nucleic acids uses hybridization to target unique regions of the target organism. These techniques require 
fewer organisms (10 J to 10 s ), but require about five hours to complete. As with antibody-antigen reactions this 
approach has not been developed for the simultaneous detection of multiple analytes. 
30 The most recent improvement in the detection of microorganisms has been the use of nucleic acid 

amplification. Nucleic acid amplification tests have been developed that generate both qualitative and quantitative 
data. However, the current limitations of these testing methods are related to delay!, caused by specimen 
preparation, amplification, and detection. Currently, the standard assays require about five hours to complete. The 
ability to complete much faster detection for a variety of microorganisms would be of tremendous importance to 
35 military intelligence, national safety, medical, environmental, and food areas. 

It is therefore desirable that new sensors capable of discriminating different analytes, toxins, and bacteria 
be developed for medical/clinical diagnostic, environmental, health and safety, remote sensing, military, 
food/beverage, and chemical processing applications. It is further desired that the sensing system be adaptable to 
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the simultaneous detection of a variety of analytes to improve throughput during various chemical and biological 
analytical procedures. 

SUMMARY OF THE INVENTION 

5 Herein we describe a system and method for the analysis of a fluid containing one or more analytes. The 

system may be used for either liquid or gaseous fluids. The system, in some embodiments, may generate patterns 
that are diagnostic for both the individual analytes and mixtures of the analytes. The system in some embodiments, 
is made of a plurality of chemically sensitive particles, formed in an ordered array, capable of simultaneously 
detecting many different kinds of analytes rapidly. An aspect of the system is that the array may be formed using a 

10 microfabrication process, thus allowing the system to be manufactured in an inexpensive manner. 

In an embodiment of a system for detecting analytes, the system, in some embodiments, includes a light 
source, a sensor array, and a detector. The sensor array, in some embodiments, is formed of a supporting member 
which is configured to hold a variety of chemically sensitive particles (herein referred to as "particles") in an ordered 
array. The particles are, in some embodiments, elements which will create a detectable signal in the presence of an 

1 5 analyte. The particles may produce optical (e.g., absorbance or reflectance) or fluorescence/phosphorescent signals 
upon exposure to an analyte. Examples of particles include, but are not limited to functionaltzed polymeric beads, 
agarous beads, dextrose beads, polyacrylamide beads, control pore glass beads, metal oxides particles (e.g., silicon 
dioxide (Si<3 2 ) or aluminum oxides (AU0 3 )), polymer thin films, metal quantum panicles (e.g., silver, gold, 
platinum, etc.), and semiconductor quantum particles (e.g., Si, Ge, GaAs, etc.). A detector (e.g., a charge-coupled 

20 device "CCD") in one embodiment is positioned below the sensor array to allow for the data acquisition. In another 
embodiment, the detector may be positioned above the sensor array to allow for data acquisition from reflectance of 
the light off of the particles. 

Light originating from the light source may pass through the sensor array and out through the bottom side 
of the sensor array. Light modulated by the particles may pass through the sensor array and onto the proximally 

25 spaced detector. Evaluation of the optical changes may be completed by visual inspection or by use of a CCD 
detector by itself or in combination with an optical microscope. A microprocessor may be coupled to the CCD 
detector or the microscope. A fluid delivery system may be coupled to the supporting member of the sensor array. 
The fluid delivery system, in some embodiments, is configured to introduce samples into and out of the sensor 
array. 

30 In an embodiment, the sensor array system includes an array of particles. The particles may include a 

receptor molecule coupled to a polymeric bead. The receptors, in some embodiments, are chosen for interacting 
with analytes. This interaction may take the form of a binding/association of the receptors with the analytes. The 
supporting member may be made of any material capable of supporting the particles, while allowing the passage of 
the appropriate wavelengths of light. The supporting member may include a plurality of cavities. The cavities may 

35 be formed such that at least one particle is substantially contained within the cavity. 

In an embodiment, the optical detector may be integrated within the bottom of the supporting member, 
rather than using a separate detecting device. The optical detectors may be coupled to a microprocessor to allow 
evaluation of fluids without the use of separate detecting components. Additionally, a fluid delivery system may 

4 
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RBfTF DESCRIPTION OF THE DRAWINGS 
The above brief description as well as further objects, features and advantages of the methods and 
apparatus of the present invention will be more fully apprecuued by reference to the follow** detailed descnpnon 
of presently preferred but nonetheless illustrarive embodiments in accordance with the present invennon when 
5 taken in conjunction with the accompanying drawings in which: 

FIG. 1 depicts a schematic of an analyte detection system; 
FIG. 2 depicts a particle disposed in a cavity; 
FIG. 3 depicts a sensor array; 

FIG. 4A-F depicts the formation of a Fabry-Perot cavity on the back of a sensor array; 
jO fig. 5 depicts the chemical constituents of a particle; 

FIG. 6 depicts the chemical formulas of some receptor compounds; 

FIG. 7 depicts a plot of the absorbance of green light vs. concentration of calcium (Ca"-) for a particle 
which includes an o-cresolphthalein complexone receptor; 

FIG. 8 depicts a schematic view of the transfer of energy from a first mdicator to a second indicator m the 

1 5 presence of an analyte; 

FIG. 9 depicts a schematic of the interaction of a sugar molecule with a boronic acid based receptor. 

FIG. 10 depicts various synthetic receptors; 

FIG. 1 1 depicts a synthetic pathway for the synthesis of polythioureas; 
FIG. 12 depicts a synthetic pathway for the synthesis of polyguanidiniums; 
20 FIG. 13 depicts a synthetic pathway for the synthesis of diamines from amino acids; 

FIG 14 depicts fluorescent diamino monomers; 

FIG'. 1 5 depicts a plot of counts/sec. (i.e., intensity) vs. time as the P H of a solution surrounding a particle 
coupled to o-cresolphthalein is cycled from acidic to basic conditions; 

FIG. 16 depicts the color responses of a variety of sensing particles to solutions of Of* and vanous pH 

25 levels; 

FIG. 17 depicts an analyte detection system which includes a sensor array disposed within a chamber; 
FIG. 18 depicts an integrated analyte detection system; 
FIG. 19 depicts a cross-sectional view of a cavtty covered by a mesh cover; 
FIG. 20 depicts a top view of a cavity covered by a mesh cover; 
30 FIG. 2 1A-G depicts a cross-sectional view of a series of processing steps for the formation of a sensor 

array which includes a removable top and bottom cover; 

FIG. 22A-G depicts a cross-sectional view of a series of processing steps for the formation of a sensor 
array which includes a removable top and a stationary bottom cover; 

FIG. 23A-G depicts a cross-sectional view of a senes of processing steps for the formation of a sensor 

35 array which includes a removable top; 

FIG. 24A-D depicts a cross-sectional v.ew of a senes of processing steps for the formation of a silicon 
based sensor array which includes a top and bottom cover with openings aligned with the cavity; 

FIG. 25A-D depicts a cross-secrional v,ew of a senes of processing steps for the formarion of a photoresist 
based sensor array which includes a top and bottom cover with openings aligned with the cavity; 
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FIG. 26A-E depicts a cross-sectional view of a series of processing steps for the formation of a plastic 
based sensor array which includes a top and bottom cover with openings aligned with the cavity; 

FIG. 27A-D depicts a cross-sectional view of a series of processing steps for the formation of a silicon 
based sensor array which includes a top cover with openings aligned with the cavity and a tapered cavity; 
5 FIG. 28A-E depicts a cross-sectional view of a series of processing steps for the formation of a photoresist 

based sensor array which includes a top cover with openings aligned with the cavity and a tapered cavity; 

FIG. 29A-E depicts a cross-sectional view of a series of processing steps for the formation of a photoresist 
based sensor array which includes a top cover with openings aligned with the cavity and a bottom cover; 

FIG. 30A-D depicts a cross-sectional view of a series of processing steps for the formation of a plastic 
10 based sensor array which includes a top cover with openings aligned with the cavity and a bottom cover; 

FIG. 31 depicts a cross-sectional view of a schematic of a micropump; 

FIG. 32 depicts a top view of an electrohydrodynamic pump; 

FIG. 33 depicts a cross-sectional view of a sensor array which includes a micropump; 

FIG. 34 depicts a cross-sectional view of a sensor array which includes a micropump and channels which 

1 5 are coupled to the cavities; 

FIG. 35 depicts a cross-sectional view of a sensor array which includes multiple micropumps each 

micropump being coupled to a cavity; 

FIG. 36 depicts a top view of a sensor array which includes multiple electrohydrodynamic pumps; 
FIG. 37 depicts a cross-sectional view of a sensor array which includes a system for delivering a reagent 
20 from a reagent particle to a sensing cavity. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Herein we describe a system and method for the simultaneous analysis of a fluid containing multiple 
analytes. The system may be used for either liquid or gaseous fluids. The system may generate patterns that are 
25 diagnostic for both individual analytes and mixtures of the analytes. The system, in some embodiments, is made of 
a combination of chemically sens.tive particles, formed in an ordered array, capable of simultaneously detecting 
many different kinds of analytes rapidly. An aspect of the system is that the array may be formed using a 
microfabrication process, thus allowing the system to be manufactured in an inexpensive manner. 

30 SYSTEM FOR ANALYSIS OF ANALYTES 

Shown in FIG. 1 is an embodiment of a system for detecting analytes in a fluid. The system, in some 
embodiments, includes a light source 1 10, a sensor array 120 and a detector 130. The light source 1 10 may be a 
white light source or light emitting diodes (LED). In one embodiment, light source 1 10 may be a blue light emitting 
diode (LED) for use in systems relying on changes in fluorescence signals. For colorimetric (e.g., absorbance) based 

35 systems, a white light source may be used. The sensor array 1 20, in some embodiments, is formed of a supporting 
member which is configured to hold a variety of particles 124. A detecting device 130 (e.g., a charge-coupled 
device "CCD") may be positioned below the sensor array to allow for data acquisition. In another embodiment, the 
detecting device 130 may be positioned above the sensor array. 
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Light originating from the light source 1 10. in some embodiments, passes through the sensor array 120 
and out through the bottom side of the sensor array. The supportuig member and the panicles together, in some 
embodiments, provide an assembly whose optical properties are well matched for spectral analyses. Thus, light 
modulated by the particles may pass through the sensor array and onto the proximally spaced detector 130. 
Evaluation of the optical changes may be completed by visual inspection (e.g., with a microscope) or by use of a 
microprocessor 140 coupled to the detector. For fluorescence measurements, a filter 135 may be placed between 
supporting member 120 and detector 130 to remove the excttation wavelength. A fluid delivery system 160 may be 
coupled to the supporting member. The fluid delivery system 160 may be configured to introduce samples into and 
out of the sensor array. 

In an embodiment, the sensor array system includes an array of particles. Upon the surface and within the 
interior region of the particles are, in some embodiments, located a vanety of receptors for interacting with 
analytes. The supporting member, in some embodiments, is used totalize these particles as well as to serve as a 
microenvironment in which the chemical assays can be performed. For the chemicaL-biological agent sensor arrays, 
the particles used for analysis are about 0.05 - 500 microns in diameter, and may actually change size (e.g., swell or 
shnnk) when the chemical environment changes. Typically, these changes occur when the array system is exposed 
,o the fluid stream which includes the analytes. For example, a fluid stream which comprises a non-polar solvent, 
may cause non-polar particles to change in volume when the particles are exposed to the solvent. To accommodate 
these changes, it is preferred that the supporting member consist of an array of cavities which serve as micro test- 



20 



35 



tubes. 



The supporting member may be made of any material capable of supporting the particles, while allowing 
the passage of the appropriate wavelength of light. The supporting member is also made of a material substantially 
impervious to the fluid in which the analyte is present. A variety of materials may be used including plastics, glass, 
silicon based materials (e.g., silicon, silicon dioxide, silicon nitride, etc.) and metals. In one embodiment, the 
supporting member includes a plurality of cavities. The cavities may be formed such that at least one particle is 
25 substantially contained within the cavity. Alternatively, a plurality of particles may be contained within a single 
cavity. 

In an embodiment, the supporting member may consist of a strip of plastic which is substantially 
transparent to the wavelength of light necessary for detection. A series of cavities may be formed within the strip. 
The cavities may be configured to hold at least one particle. The particles may be contained within die strip by a 
30 transparent cover which is configured to allow passage of the analyte containing fluid into the cavities. 

In another embodiment, the supporting member may be formed using a silicon wafer as depicted in FIG. 2. 
The silicon wafer 210 may include a substantially transparent layer 220 fonned on the bottom surface of the wafer. 
The cavities 230, in one embodiment, are formed by an anisotropic etch process of the silicon wafer. In one 
embodiment, anisotropic etching of the silicon wafer is accomplished using a wet hydroxide etch. 
Photolithographic techniques may be used t iefine the locations of the cavities. The cavities may be formed such 
that the sidewalk of the cavities are substantially tapered at an angle of between about 50 to 60 degrees. Formation 
of such angled cavities may be accomplished by wet anisotropic etching of <100> silicon. The term "<100> 
silicon" refers to the crystal orientation of the silicon wafer. Other types of silicon, (e.g., <1 10> and <1 1 1> silicon) 
may lead to steeper angled sidewalk. For example, <1 1 1> silicon may lead to sidewalk formed at about 90 
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degrees. The angled sides of the cavities in some embodiments, serve as •'mirror layers" which may improve the 
light collection efficiency of the cavities. The etch process may be controlled so that the formed cavities extend 
through the silicon wafer to the upper surface of transparent layer 220. While depicted as pyramidal, the cavities 
may be formed in a number of shapes including but not limited to. spherical, oval, cubic, or rectangular. An 
5 advantage to using a silicon wafer for the support member, is that the silicon material is substantially opaque to the 
light produced from the light source. Thus, the light may be inhibited from passing from one cavity to adjacent 
cavities. In this manner, light from one cavity may be inhibited from influencing the spectroscopic changes 
produced in an adjacent cavity. 

The silicon wafer, in some embodiments, has an area of approximately 1 cm : to about 100 cnr and 
10 includes about 10' to about 10* cavities. In an embodiment, about 100 cavities are formed in a ten by ten matrix. 
The center to center distance between the cavities, in some embodiments, is about 500 microns. Each of the 
cavities may include at least one particle. 

The transparent layer 220 may serve as a window, allowing light of a variety of wavelengths to pass 
through the cavities 230 and to the detector. Additionally, the transparent layer may serve as a platform onto which 
1 5 the individual particles 235 may be positioned. The transparent layer may be formed of silicon dioxide (Si0 2 ), 
silicon nitride (Si,N 4 ) or silicon dioxide/silicon nitride multi-layer stacks. The transparent layer, in some 
embodiments, is deposited onto the silicon wafer prior to the formation of the cavities. 

The cavities 230 may be sized to substantially contain a particle 235. The cavities are, in some 
embodiments, larger than a particle. The cavities are, in some embodiments, sized to allow facileplacement and 
20 removal of the particle within the cavities. The cavity may be substantially larger than the particle, thus allowing 
the panicle to swell during use. For example, a particle may have a size as depicted in FIG. 2 by particle 235. 
During use, contact with a fluid (e.g., a solvent) may cause the particle to swell, for example, to a size depicted as 
circle 236. In some embodiments, the cavity is sized to allow such swelling of the particle during use. A particle 
may be positioned at the bottom of a cavity using, e.g., a micromanipulator. After a particle has been placed within 
25 the cavity, a transparent cover plate 240 may be placed on top of the supporting member to keep the particle in 
place. 

When forming an array which includes a plurality of particles, the particles may be placed in the array in 
an ordered fashion using the micromanipulator. In this manner, a ordered array having a predefined configuration 
of particles may be formed. Alternatively, the particles may be randomly placed within the cavities. The array may 
30 subsequently undergo a calibration test to determine the identity of the particle at any specified location in the 
supporting member. 

The transparent cover plate 240, in some embodiments, is coupled to the upper surface of the silicon wafer 
220 such that the particles are inhibited from becoming dislodged from the cavity. The transparent cover plate, in 
some embodiments, is positioned a fixed distance above the silicon wafer, as depicted in FIG. 2, to keep the particle 
35 in place, while allowing the entrance of fluids into the cavities. The transparent cover plate, in some embodiments, 
is positioned at a distance above the substrate which is substantially less than a width of the particle. The 
transparent cover plate may be made of any material which is substantially transparent to the wavelength of light 
being utilized by the detector. The transparent cover plate may be made of plastic, glass, quartz, or silicon 
dioxide/silicon nitride. 
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In one embodiment, the transparent cover plate 240, is a thin sheet of glass (e.g., a microscope slide cover 
slip). The slide may be positioned a fixed distance above the silicon wafer. Support structures 241 (See FIG. 2) 
may be placed upon the silicon wafer 210 to position the transparent cover plate 240. The support structures may 
be formed from a polymer or a silicon based material. In another embodiment, a polymeric substrate is coupled to 
5 the silicon wafer to form the support structures 24 1 for the transparent cover plate 240. In an embodiment, a plastic 
material with an adhesive backing (e.g.. cellophane tape) is positioned on the silicon wafer 210. After the support 
structures 241 are placed on the wafer the transparent cover plate 240 is placed upon the support structures. The 
support structures inhibit the transparent cover sheet from contacting the silicon wafer 200. In this manner, a 
channel is formed between the silicon wafer and the transparent cover plate which allow the fluid to pass into the 
10 cavity, while inhibiting displacement of the particle by the fluid. 

In another embodiment, the transparent cover plate 240 may be fastened to the upper surface of the silicon 
wafer, as depicted in FIG. 3. In this embodiment, the fluid may be inhibited from entering the cavities 230 by the 
transparent cover plate 240. To allow passage of the fluid into the cavities, a number of channels 250 may be 
formed in the silicon wafer. The channels, in one embodiment, are oriented to allow passage of the fluid into 
1 5 substantially all of the cavities. When contacted with the fluid, the particles may swell to a size which may plug the 
channels. To prevent this plugging, the channels may be formed near the upper portion of the cavities, as depicted 
in FIG 3. The channels, in one embodiment, are formed using standard photolithographic masking to define the 
regions where the trenches are to be formed, followed by the use of standard etching techniques. A depth of the 
cavity may be such that the particle resides substantially below the position of the channel In this way, the 
20 plugging of the channels due to swelling of the particle may be prevented. 

The inner surfaces of the cavities may be coated with a material to aid the positioning of the particles 
within the cavities. In one embodiment, a thin layer of gold or silver may be used to line the inner surface of the 
cavities. The gold or silver layer may act as an anchoring surface to anchor particles (e.g., via alkylthiol bonding). 
In addition, the gold or silver layer may also increase the reflectivity of the inner surface of the cavities. The 
25 increased reflectance of the surface may enhance the analyte detection sensitivity of the system. Alternatively, 

polymer layers and self-assembled monolayers formed upon the inner surface of the cavities may be used to control 
the particle adhesion interactions. Additional chemical anchoring methods may be used for silicon surfaces such as 
those based on siloxane type reagents, which may be attached to Si-OH functionalities. Similarly, monomeric and 
polymeric reagents attached to an interior region of the cavities can be used to alter the local wetting characteristics 
30 of the cavities. This type of methodology can be used to anchor the particles as well as to alter the fluid delivery 
characteristics of the cavity. Furthermore, amplification of the signals for the analytes may be accomplished with 
this type of strategy by causing preconcentration of appropriate analytes in the appropriate type of chemical 
environment. 

In another embodiment, the optical detector may be integrated within the bottom transparent layer 220 of 
35 the supporting member, rather than using a separate detecting device. The optical detectors may be formed using a 
semiconductor-based photodetector 255. The optical detectors may be coupled to a microprocessor to allow 
evaluation of fluids without the use of separate detecting components. Additionally, the fluid delivery system may 
also be incorporated into the supporting member. Micro-pumps and micro-valves may also be incorporated into the 
silicon wafer to aid passage of the fluid through the cavities. Integration of detectors and a fluid delivery system 

10 
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into the supporting member may allow the formanon of a compact and portable analyt C sensing system. Optical 
filters may also be integrated into the bottom membrane of the cavtties. These filters may prevent short wavelength 
excitation from producing "false" signals in the optical detection system (e.g., a CCD detector array) during 
fluorescence measurements. 

5 A sensing cavity may be formed on the bottom surface of the support substrate. An example of a sensing 

cav,ty that may be used is a Fabry-Perot type cavity. Fabry-Perot cavity-based sensors may be used to detect 
changes in optical path length induced by either a change in the refractive index or a change in physical length of 
the cavity. Using micromachining techniques, Fabry-Perot sensors may be formed on the bottom surface of the 

cavity. 

10 Figures 4A-F depict a sequence of processing steps for the formation of a cavuy and a planar top 

diaphragm Fabry-Perot sensor on the bottom surface of a silicon based supporting member. A sacrificial bamer 
layer 262a/b is deposited upon both sides of a sihcon supporting member 260. The silicon supporting member 260 
may be a double-s.de polished silicon wafer having a thickness ranging from about 1 00 urn to about 500 urn, 
preferably from about 200 urn to about 400 urn, and more preferably of about 300 urn. The barrier layer 262a/b 
15 may be composed of sil.con dioxide, silicon nitride, or silicon oxynitnde. In one embodiment, the barrier layer 
262a/b is composed of a stack of dielectric materials. As depicted in FIG 4A, the barrier layer 262 a/b is composed 
of a stack of dielecmc materials which includes a silicon nitride layer 271a/b and a silicon d.oxide layer 272a/b. 
Both layers may be deposited using a low pressure chemical vapor deposition ("LPCVD") process. Silicon nitride 
may be deposited using an LPCVD reactor by reaction of ammonia (NH,) and dichlorosilane (SiCl : H 2 ) at a gas 
20 flow rate of about 3.5:1, a temperature of about 800 DC. and a pressure of about 220 mTorr. The silicon nitride 
layer 27 la/b is deposited to a thickness in the range from about 100 A to about 500 A, preferably from 200 A to 
about 400 A, and more preferably of about 300 A. Silicon dioxide is may be deposited using an LPCVD reactor by 
reaction of silane (SiH 4 ) and oxygen (Cs) at a gas flow rate of about 3:4, a temperature of about 450 CC, and a 
pressure of about 1 10 mTorr. The silicon dioxide layer 272a/b is deposited to a thickness in the range from about 
25 3000 A to about 7000 A, preferably from 4000 A to about 6000 A, and more preferably of about 5000 A. The front 
face silicon d,ox,de layer 272a, in one embodunent, acts as the mam bamer layer. The underlying sil.con nitride 
layer 27la acts as an intermed.ate barrier layer to inhibit overetching of the main barrier layer during subsequent 

KOH wet anisotropic etching steps. 

A bottom diaphragm layer 264a/b is deposited upon the barrier layer 262a/b on both Sides of the 

30 supporting member 260. Tne bottom diaphragm layer 264a/b may be composed of silicon nitride, silicon dioxide, 
or silicon oxynitnde. In one embodiment, the bottom diaphragm layer 264 a* is composed of a stack of dielectric 
materials. As depicted in FIG 4A, the bottom diaphragm layer 264a/b is composed of a stack of dielectric materials 
which includes a pair of silicon nitride layers 273a/b and 275a/b surrounding a silicon dioxide layer 2?4a/b. All of 
the layers may be deposited using an LPCVD process. The silicon nitride layers 273a/b and 275a* have a 

35 thickness in the range from about 500 A to about 1000 A, preferably from 700 A to about 800 A, and more 

preferably of about 750 A. The silicon dioxide layer 274a* has a thickness in the range from about 3000 A to 
about 7000 A, preferably from 4000 A to about 6000 A, and more preferably of about 4500 A. 

A cavity which will hold the particle may now be formed in the supporting member 260. The bottom 
diaphragm layer 264b and the barrier layer 262b formed on the back side 261 of the silicon supporting member 260 
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are patterned and etched using standard photolithographic techniques. In one embodiment, the layers are subjected 
to a plasma etch process. The plasma etching of silicon dioxide and silicon nitride may be performed using a 
mixture of carbontetrafluoride (CF 4 ) and oxygen (0j ). The patterned back side layers 262b and 264b may be used 
as a mask for anisotropic etching of the silicon supporting member 260. The silicon supporting member 260, in 
one embodiment, is amsotrop.cally etched with a 40% potassium hydroxide ("KOH") solution at 80 CC to form the 
cavity. The etch is stopped when the front side silicon nitride layer 271a is reached, as depicted in FIG 4B. The 
silicon nitride layer 271a inhibits etching of the main barrier layer 272a dunng this etch process. The cavity 267 
may be formed extending through the supporting member 260. After formation of the cavity, the rerouting 
portions of the back side barrier layer 262b and the diaphragm layer 264b may be removed. 

Etch windows 266 are formed through the bottom diaphragm layer 264a on the front stde of the wafer A 
masking layer (not shown) is formed over the bottom diaphragm layer 264a and patterned using standard 
photolithography techniques. Using the masking layer, etch windows 266 may be formed using a plasma etch. 
The plasma etching of silicon dioxide and silicon nitride may be performed using a mixture of carbontetrafluoride 
(CF 4 ) and oxygen (0 : ). The etching is continued through the bottom diaphragm layer 264a and partially into the 
barrier layer 262a. In one embodiment, the etching is stopped at approximately half the thickness of the barrier 
layer 262a. Thus, when the barrier layer 262a is subsequently removed the etch wmdows 266 will extend through 
the bottom diaphragm layer 264a, cornmumcanng with the cavity 267. By stoppmg the etching at a midpoint of the 
barrier layer, voids or discontuiuities may be reduced since the bottom diaphragm is still continuous due to the 
remaining barrier layer. 

After the etch windows 266 are formed, a sacrificial spacer layer 268a* is deposited upon the bottom 
diaphragm layer 264a and within cavity 267, as depicted in FIG. AC. The spacer layer may be formed from 
LPCVD polysilicon. In one embodiment, the front side deposited spacer layer 268a will also at least partially fill 
the etch windows 266. Polysilicon may be deposited using an LPCVD reactor ustng silane (SiH 4 ) at a temperature 
of about 650 DC. The spacer layer 268a/b is deposited to a thickness in the range from about 4000 A to about 
10,000 A, preferably from 6000 A to about 8000 A, and more preferably of about 7000 A. The preferred thickness 
of the spacer layer 268a is dependent on the desired thickness of the mternal air cavtty of the Fabry-Perot detector. 
For example, if a Fabry-Perot detector which is to include a 7000 A air cavity between the top and bottom 
diaphragm layer is desired, a spacer layer having a thickness of about 7000 A would be formed. After the spacer 
layer has been deposited, a masking layer for etching the spacer layer 268a (no. shown) .s used to define the etch 
reg.ons of the spacer layer 268a. The etching may be performed using a composition of nitric actd (HN 0) ) water 
and hydrogen fluoride (HF) in a ratio of 25:13:1. respectively, by volume. The lateral sue of the subsequently 
formed cavity is determined by the masking pattern used to define the etch regions of the spacer layer 268a. 

After the spacer layer 268a has been etched, the top d.aphragm layer 270a/b is formed. The top diaphragm 
270a/b, in one embodiment, is deposited upon the spacer layer 268a* on both sides of the supporting member The 
top diaphragm 270a* may be composed of silicon nitride, sihcon dioxide, or s.licon oxynitride. In one 
embodiment, the top diaphragm 270a/b is composed of a stack of dielectnc materials. As depicted in FIG 4C the 
top diaphragm 270a/b is composed of a stack of dielectnc materials wh.ch includes a pair of sihcon nitride layers 
283a/b and 285a* surrounding a silicon diox.de layer 284a*. All of the layers may be depos.ted using an LPCVD 
process. The silicon nitride layers 283a* and 285a* have a thickness in the range from about 1000 A to about 
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2000 A, preferably from 1 200 A to about 1 700 A. and more preferably of about 1 500 A. The silicon dioxide layer 
284aft has a thickness in the range from about 5000 A to about 15.500 A, preferably from 7500 A to about 12,000 
A, and more preferably of about 10,500 A. 

After depositing the top'diaphragm 270a/b, all of the layers stacked on the bottom face of the supporting 
5 member (e.g., layers 268b, 283b, 284b, and 285b) are removed by multiple wet and plasma etching steps, as 
depicted in FIG. 4D. After these layers are removed, the now exposed portions of the barrier layer 262a are also 
removed. This exposes the spacer layer 268a which is present in the etch windows 266. The spacer layer 268 may 
be removed from between the top diaphragm 270a and the bottom diaphragm 264a by a wet etch using a KOH 
solution, as depicted in FIG. 4D. Removal of the spacer material 268a, forms a caviry 286 between the top 
10 diaphragm layer 270a and the bottom diaphragm layer 264a. After removal of the spacer material, the cavity 286 
may be washed using deionized water, followed by isopropyl alcohol to clean out any remaining etching solution. 

The cavity 286 of the Fabry-Perot sensor may be filled with a sensing substrate 290, as depicted in FIG. 
4E. To coat the cavity 286 with a sensing substrate 290, the sensing substrate may be dissolved in a solvent. A 
solution of the sensing substrate is applied to the supporting member 260. The solution is believed to rapidly enter 
1 5 the caviry 286 through the etched windows 266 in the bottom diaphragm 264a, aided in part by capillary action. As 
the solvent evaporates, a thin film of the sensing substrate 290 coats the inner walls of the cavity 286, as weU as the 
outer surface of the bottom diaphragm 264a. By repeated treatment of the supporting member with the solution of 
the sensing substrate, the thickness of the sensing subsnate may be varied. 

In one embodiment, the sensing substrate 290 is poly(3-dodecylthiophene) whose optical properties 
20 change in response to changes in oxidation states. The sensing substrate poly(3-dodecylthiophene) may be 

dissolved in a solvent such as chloroform or xylene. In one embodiment, a concentration of about 0. 1 g of poly(3- 
dodecylthiophene)/mL is used. Application of the solution of poly(3-dodecylthiophene) to the supporting member 
causes a thin film of poly(3-dodecylthiophene) to be formed on the inner surface of the cavity. 

In some instances, the sensing substrate, when deposited within a cavity of a Fabry-Perot type detector, 
25 may cause stress in the top diaphragm of the detector. It is believed that when a sensing polymer coats a planar top 
diaphragm, extra residual stress on the top diaphragm causes the diaphragm to become deflected toward the bottom 
diaphragm. If the deflection becomes to severe, sticking between the top and bottom diaphragms may occur. In 
one embodiment, this stress may be relieved by the use of supporting members 292 formed within the cavity 286, 
as depicted in FIG. 4F. The supporting members 292 may be formed without any extra processing steps to the 
30 above described process flow. The formation of supporting members may be accomplished by deliberately leaving 
a portion of the spacer layer within the cavity. This may be accomplished by underetching the spacer layer (e.g., 
terminating the etch process before the entire etch process is finished). The remaining spacer will behave as a 
support member to reduce the deflection of the top diaphragm member. The size and shape of the support members 
may be adjusted by altering the etch time of the spacer layer, or adjusting the shape of the etch windows 266. 
35 In another embodiment, a high sensitivity CCD array may be used to measure changes in optical 

characteristics which occur upon binding of the biological/chemical agents. The CCD arrays may be interfaced 
with filters, light sources, fluid delivery and micromachined particle receptacles, so as to create a functional sensor 
array. Data acquisition and handling may be performed with existing CCD technology. Data streams (e.g., red, 
green, blue for colorimetric assays; gray intensity for fluorescence assays) may be transferred from the CCD to a 
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computer via a data acquisition board. Current CCDs may allow for read-out rates of 10 5 pixels per second. Thus, 
the entire array of particles may be evaluated hundreds of rimes per second allowing for studies of the dynamics of 
the various host-guest interaction rates as well as the anaiyte/polymer difrusional characteristics. Evaluation of this 
data may offer a method of identifying and quantifying the chemical/biological composition of the test samples. 
CCD detectors may be configured to measure white light, ultraviolet light or fluorescence. Other detectors such as 
photomultiplier tubes, charge induction devices, photodiode, photodiode arrays, and microchannel plates may also 
be used. It should be understood that while the detector is depicted as being positioned under the supporting 
member, the detector may also be positioned above the supporting member. It should also be understood that the 
detector typically includes a sensing element for detecting the spectroscopic events and a component for displaying 
the detected events. The display component may be physically separated from the sensing element. The sensing 
element may be positioned above or below the sensor array while the display component is positioned close to a 
user. 

In one embodiment, a CCD detector may be used to record color changes of the chemical sensitive 
particles during analysis. As depicted in FIG. L a CCD detector 130 may be placed beneath the supporting 
member 120. The light transmitted through the cavities is captured and analyzed by the CCD detector. In one 
embodiment, the light is broken down into three color components, red, green and blue. To simplify the data, each 
color is recorded using 8 bits of data. Thus, the data for each of the colors will appear as a value between 0 and 
255. The color of each chemical sensitive element may be represented as a red, blue and green value. For 
example, a blank particle (i.e., a particle which does not include a receptor) will typically appear white. For 
example, when broken down into the red, green and blue components, it is found that a typical blank particle 
exhibits a red value of about 253, a green value of about 250, and a blue value of about 222. This signifies that a 
blank particle does not significantly absorb red, green or blue light. When a particle with a receptor is scanned, the 
particle may exhibit a color change, due to absorbance by the receptor. For example, it was found that when a 
particle which includes a 5-carboxyfluorescein receptor is subjected to white light, the particle shows a strong 
absorbance of blue light. The CCD detector values for the 5-carboxyfluorescein particle exhibits a red value of 
about 254, a green value of about 21 8, and a blue value of about 57. The decrease in transmittance of blue light is 
believed to be due to the absorbance of blue light by the 5-carboxyfluorescein. In this manner, the color changes of 
a particle may be quantitatively characterized. An advantage of using a CCD detector to monitor the color changes 
is that color changes which may not be noticeable to the human eye may now be detected. 

The support array may be configured to allow a variety of detection modes to be practiced. In one 
embodiment, a light source is used to generate light which is directed toward the particles. The particles may 
absorb a portion of the light as the light illuminates the particles. The light then reaches the detector, reduced in 
intensity by the absorbance of the particles. The detector may be configure to measure the reduction in light 
intensity (i.e., the absorbance) due to the particles. In another embodiment, the detector may be placed above the 
supporting member. The detector may be configured to measure the amount of light reflected off of the particles. 
The absorbance of light by the particles is manifested by a reduction in the amount of light being reflected from the 
cavity. The light source in either embodiment may be a white light source or a fluorescent light source. 
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CHEMICALLY SENSITIVE PARTICLES 

A particle, in some embodiments, possess both the ability to bind the analyte of interest and to create a 
modulated signal. The particle may include receptor molecules which posses the ability to bind the analyte of 
interest and to create a modulated signal. Alternatively, the particle may include receptor molecules and indicators. 
5 The receptor molecule may posses the ability to bind to an analyte o f interest. Upon binding the analyte of 
interest, the receptor molecule may cause the indicator molecule to produce the modulated signal. The receptor 
molecules may be naturally occurring or synthetic receptors formed by rational design or combinatorial methods. 
Some examples of natural receptors include, but are not limited to, DNA, RNA, proteins, enzymes, oligopeptides, 
antigens, and antibodies. Either natural or synthetic receptors may be chosen for their ability to bind to the analyte 

10 molecules in a specific manner. The forces which drive association/recognition between molecules include the 
hydrophobic effect, anion-cation attraction, and hydrogen bonding. The relative strengths of these forces depend 
upon factors such as the solvent dielectric properties, the shape of the host molecule, and how it complements the 
guest. Upon host-guest association, attractive interactions occur and the molecules stick together. The most widely 
used analogy for this chemical interaction is that of a "lock and key". The fit of the key molecule (the guest) into 

15 the lock (the host) is a molecular recognition event. 

A naturally occurring or synthetic receptor may be bound to a polymeric resin in order to create the 
particle. The polymeric resin may be made from a variety of polymers including, but not limited to, agarous, 
dextrose, acrylamide, control pore glass beads, polystyrene-polyethylene glycol resin, polystyrene-divinyl benzene 
resin, formylpoiystyrene resin, trityl-polystyrene resin, acetyl polystyrene resin, chloroacetyl polystyrene resin, 

20 airunomethyl polystyrene-divinylbenzene resin, carboxypolystyrene resin, chloromethylated polystyrene- 

divinylbenzene resin, hydroxymethyl polystyrene-divinylbenzene resin, 2-chlorotrityI chloride polystyrene resin, 4- 
benzyloxy-2M'- dimethoxybenzhydrol resin (Rink Acid resin), triphenyl methanol polystyrene resin, 
diphenylmethanol resin, benzhydrol resin, succinirnidyl carbonate resin, p-nitrophenyl carbonate resin, imidazole 
carbonate resin, polyacrylamide resin, 4-sulfamylbenzoyl-4'- memylbenzhydiylaniine-resin (Safety-catch resin), 2- 

25 amino-2-(2 '-nitrophenyl) propionic acid-aminomethyl resin (ANP Resin), p-benzyloxybenzyl alcohol- 

divinylbenzene resin (Wang resin), p-memylbenzhyo^lamine-divinylbenzene resin (MBHA resin), Fmoc-2,4- 
oUmethoxy-4 , Kcarboxymemyloxy)-benzhyarylamine linked to resin (Knorr resin), 4-(2',4 , -Dimethoxyphenyl-Fmoc- 
aminomethyl)-phenoxy resin (Rink resin), 4-hyaWyTnethyl-benzoyl-4*- memylberizhya^lamine resin (HMBA- 
MBHA Resin), p-nitrobenzophenone oxime resin (Kaiser oxime resin), and amino^^dimethoxy-^- 

30 (carboxymethyioxy)-benzhydrylamine handle linked to 2-chlorotrityl resin (Knorr-2-chlorotrityl resin). In one 
embodiment, the material used to form the polymeric resin is compatible with the solvent in which the analyte is 
dissolved. For example, polystyrene-divinyl benzene resin will swell within non-polar solvents, but does not 
significantly swell within polar solvents. Thus, polystyrene-divinyl benzene resin may be used for the.analysis of 
analytes within non-polar solvents. Alternatively, polystyrene-polyethylene glycol resin will swell with polar 

35 solvents such as water. Polystyrene-polyethylene glycol resin may be useful for the analysis of aqueous fluids. 

In one embodiment, a polystyrene-polyethylene glycol-divinyl benzene material is used to form the 
polymeric resin. The polystyrene-polyethylene glycol-divinyl benzene resin is formed from a mixture of 
polystyrene 375, divinyl benzene 380 and polystyrene-polyethylene glycol 385, see FIG. 5. The polyethylene 
glycol portion of the polystyrene-polyethylene glycol 385, in one embodiment, may be terminated with an amine. 
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The amine serves as a chemical handle to anchor both receptors and indicator dyes. Other chemical functional 
groups may be positioned at the terminal end of the polyethylene glycol to allow appropriate coupling of the 
polymeric resin to the receptor molecules or indicators. 

The chemically sensitive particle, in one embodiment, is capable of both binding the analyte(s) of interest 
and creating a detectable signal. In one embodiment, the particle will create an optical signal when bound to an 
analyte of interest. The use of such a polymeric bound receptors offers advantages both in terms of cost and 
configurability. Instead of hiving to synthestze or attach a receptor directly to a supporting member, the polymeric 
bound receptors may be synthesized en masse and distributed to multiple different supporting members. This 
allows the cost of the sensor array, a major hurdle to the development of mass-produced environmental probes and 
medical diagnostics, to be reduced. Additionally, sensor arrays which incorporate polymeric bound receptors may 
be reconfigured much more quickly than array systems in which the receptor is attached directly tot he supporting 
member. For example, if a new variant of a pathogen or a pathogen that contains a genetically engineered protein 
is a threat, then a new sensor array system may be readily created to detect these modified analytes by simply 
adding new sensor elements (e.g.. polymeric bound receptors) to a previously formed supporting member. 

In one embodiment, a receptor, which is sensitive to changes in the pH of a fluid sample is bound to a 
polymeric resin to create a particle. That is, the receptor is sensitive to the concentration of hydrogen cations (IT). 
The receptor in this case is typically sensitive to the concentration of IT in a fluid solution. The analyte of interest 
may therefore be H*. There are many types of molecules which undergo a color change when the pH of the fluid is 
changed. For example, many types of dyes undergo significant color changes as the pH of the fluid medium is 
altered. Examples of receptors which may be used to monitor the pH of a fluid sample include 5- 
carboxyfluorescein and alizarin complexone, depicted in FIG. 6. Each of these receptors undergoes significant 
color changes as the pH of the fluid is altered. 5-carboxyfluorescein undergoes a change from yellow to orange as 
the pH of the fluid is increased. Alizarin complexone under ;s two color changes, first from yellow to red, then 
from red to blue as the pH of the fluid increases. By monitoruig the change in color caused by dyes attached to a 
polymeric particle, the pH of a solution may be qualitatively and, with the use of a detector (e.g., a CCD detector), 
quantitatively monitored. 

In another embodiment, a receptor which is sensitive to presence of metal cations is bound to a polymeric 
particle to create a particle. The receptor in this case is typically sensitive to the concentration of one or more metal 
cations present in a fluid solution. In general, colored molecules which will bind cations may be used to determine 
the presence of a metal cation in a fluid solution. Examples of receptors which may be used to monitor the 
presence of cations in a fluid sample include alizarin complexone and o-cresolphthalein complexone, see FIG. 6. 
Each of these receptors undergoes significant color changes as the concentration of a specific metal ion in the fluid 
is altered. Alizarin complexone is particularly sensitive to lanthanum ions. In the absence of lanthanum, alizarin 
complexone will exhibit a yellow color. As the concentration of lanthanum is increased, alizarin complexone will 
change to a red color. o-Cresolphthalein complexone is particularly sensitive to calcium ions. In the absence of 
calcium, 0 -cresolphthalein complexone is colorless. As the concentration of calcium* increased, o-cresolphthalein 
complexone will change to a blue color. By monitoring the change in color of metaJ cation sensitive receptors 
attached to a polymeric panicle, the presence of a specific metal ion may be qualitatively and, with the use of a 
detector (e.g., a CCD detector), quantitatively monitored. 
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Referring to FIG. 7, a graph of the absorbance of gieen light vs. concentration of calcium (Ca* J ) is 
depicted for a particle which includes an o-cresolphthalein complexone receptor. As the concentration of calcium 
is increased, the absorbance of green light increases in a linear manner up to a concentration of about 0.0006 M. A 
concentration of 0.0006 M is the solubility limit of calcium in the fluid, thus no significant change in absorbance is 

5 noted after this point. The linear relationship between coocentration and absorbance allows the concentration of 
calcium to be determined by measuring the absorbance of the fluid sample. 

In one embodiment, a detectable signal may be caused by the altering of the physical properties of an 
indicator ligand bound to the receptor or the polymeric resin. In one embodiment, two different indicators are 
attached to a receptor or the polymeric resin. When an analyte is captured by the receptor, the physical distance 

1 0 between the two indicators may be altered such that a change in the spectroscopic properties of the indicators is 
produced. A variety of fluorescent and phosphorescent indicators may be used for this sensing scheme. This 
process, known as Forster energy transfer, is extremely sensitive to small changes in the distance between the 
indicator molecules. 

For example, a first fluorescent indicator 320 (e.g., a fluorescein derivative) and a second fluorescent 
1 5 indictor 330 (e.g., a rhodamine derivative) may be attached to a receptor 300, as depicted in FIG. 8. When no 
analyte is present short wavelength excitation 310 may excite the first fluorescent indicator 320, which fluoresces 
as indicated by 3 1 2. The short wavelength excitation, however, may cause little or no fluorescence of the second 
fluorescent indicator 330. After binding of analyte 350 to the receptor, a structural change in the receptor molecule 
may bring the first and second fluorescent indicators closer to each other. This change in intemrolecular distance 
20 may allow the excited first indicator 320 to transfer a portion of its fluorescent energy 325 to the second fluorescent 
indicator 330. This transfer in energy may be measured by either a drop in energy of the fluorescence of the first 
indicator molecule 320, or the detection of increased fluorescence 314 by the second indicator molecule 330. 

Alternatively, the first and second fluorescent indicators may initially be positioned such that short 
wavelength excitation, may cause fluorescence of both the first and second fluorescent indicators, as described 
25 above. After binding of analyte 350 to the receptor, a structural change in the receptor molecule may cause the first 
and second fluorescent indicators to move further apart. This change in mtermolecular distance may inhibit the 
transfer of fluorescent energy from the first indicator 320 to the second fluorescent indicator 330. This change in 
the transfer of energy may be measured by either a drop in energy of the fluorescence of the second indicator 
molecule 330, or the detection of increased fluorescence by the first indicator molecule 320. 
30 In another embodiment, an indicator ligand may be preloaded onto the receptor. An analyte may then 

displace the indicator ligand to produce a change in the spectroscopic properties of the particles. In this case, the 
initial background absorbance is relatively large and decreases when the analyte is present. The indicator ligand, in 
one embodiment, has a variety of spectroscopic properties which may be measured. These spectroscopic properties 
include, but are not limited to, ultraviolet absorption, visible absorption, infrared absorption, fluorescence, and 
35 magnetic resonance. In one embodiment the indicator is a dye having either a strong fluorescence, a strong 
ultraviolet absorption, a strong visible absorption, or a combination of these physical properties. Examples of 
indicators include, but are not limited to, carboxyfluorescein, ethidium bromide, 7-dimethylamino-4- 
methylcoumarin, 7-diemylamino-4-methylcoumarin, eosin. erythrosin, fluorescein, Oregon Green 488, pyrene, 
Rhwlamine Red, tetramethylrhodamine. Texas Red, Methyl Violet, Crystal Violet, Ethyl Violet, Malachite green, 
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Methyl Green. Alizarin Red S. Methyl Red, Neutral Red, o-cresolsulfonephthalein, o-cresolphthalein, 
pbenolphthalein, Acridine Orange, S-naphthol, coumann, and a-naphthionic acid. When the indicator is mixed 
with the receptor, the receptor and indicator interact with each other such that the above mentioned spectroscopic 
properties of the indicator, as well as other spectroscopic properties may be altered. The nature of this interaction 
5 may be a binding interacts, wherein the indicator and receptor are attracted to each other with a sufficient force to 
allow the newly formed receptor-indicator complex to function as a single unit. The binding of the indicator and 
receptor to each other may take the form of a covalent bond, an ionic bond, a hydrogen bond, a van der Waals 
interaction, or a combination of these bonds. 

The indicator may be chosen such that the binding strength of the indicators the receptor is less than the 
10 binding strength of the analyte to the receptor. Thus, in the presence of an analyte, the binding of the indicator with 
the receptor may be disrupted, releasing the indicator from the receptor. When released, the physical properties of 
the indicator may be altered from those h exhibrted when bound to the receptor. The indicator may revert back to 
its original structure, thus regaining its original physical properties. For example, if a fluorescent indicator is 
attached to a particle that includes a receptor, the fluorescence of the particle may be strong before treatment with 
15 an analyte containing Quid. When the analyte interacts with the parricle, the fluorescent indicator may be released. 
Release of the indicator may cause a decrease in the fluorescence of the particle, since the panicle now has less 
indicator molecules associated with it. 

An example of this type of system is illustrated by the use of a boronic acid substituted resin 505 as a 
particle. Prior to testing, the boronic acid substituted resin 505 is treated with a sugar 510 which is tagged with an 
20 indicator (e.g., resorufin) as depicted in FIG. 9. The sugar 510 binds to the boronic acid receptor 500 imparting a 
color change to the boronic substituted resin 505 (yellow for the resorufin tagged sugar). When the boronic acid 
resin 505 is treated with a fluid sample which includes a sugar 520, the tagged sugar 510 may be displaced, causing 
a decrease in the amount of color produced by the boronic acid substituted resin 505. This decrease may be 
qualitatively or, with the use of a detector (e.g., a CCD detector), quantitatively monitored. 

In another embodiment, a designed synthetic receptor may be used. In one embodiment, a polycarboxylic 
acid receptor may be attached to a polymeric resin. The polycarboxylic receptors are discussed in U.S. patent 
application serial no. 08/950,712 which is incorporated herein by reference. 

In an embodiment, the analyte molecules in the fluid may be pretreated with an indicator ligand. 
Pretreatment may involve covalent attachment of an indicator ligand to the analyte molecule. After the indicator 
30 has been attached to the analyte, the fluid may be passed over the sensing particles. Interaction of the receptors on 
the sensing particles with the analytes may remove the analytes from the solution. Since the analytes include an 
indicator, the spectroscopic properties of the indicator may be passed onto the particle. By analyzing the physical 
properties of the sensing particles after passage of an analyte stream, the presence and concentration of an analyte 
may be determined. 

35 For example, the analytes within a fluid may be derivatized w.th a fluorescent tag before introducing the 

stream to the particles. As analyte molecules are adsorbed by the particles, the fluorescence of the particles may 
increase. The presence of a fluorescent signal may be used to determine the presence of a specific analyte. 
Additionally, the strength of the fluorescence may be used to determine the amount of analyte within the stream. 



25 
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RECEPTORS 

A variety of natural and synthetic receptors may be used. The synthetic receptors may come from a 
vanety of classes including, but not limited to. polynucleotides (e.g., aptamers), peptides (e.g., enzymes and 
antibodies), synthetic receptors, polymeric unnatural biopolymers (e.g., polythioureas. polyguanidiniums), and 
.mprinted polymers., some of which are generally depicted in FIG. 10. Natural based synthetic receptors include 
receptors which are structurally sunilar to naturally occurring molecules. Polynucleotides are relatively small 
fragments of DNA which may be derived by sequentially building the DNA sequence. Peptides may be 
synthesized from amino acids. Unnatural biopolymers are chemical structure which are based on natural 
biopolymers, but which are built from unnatural linking units. Unnatural biopolymers such as polythioureas and 
polyguanidimums may be synthesized from dumunes (i.e., compounds which include at least two amine functional 
groups) These molecules are structurally similar to naturally occurring receptors, (e.g., peptides). Some diamine, 
may, in turn, be synthesized from amino acids. The use of amino acids as the building blocks for these compounds 
allow a wide vanety of molecular recognition unhs to be devised. For example, the twenty natural amino acids 
have side chains that possess hydrophobic residues, cationic and anionic residues, as well as hydrogen bonding 
i groups These side chains may provide a good chemical match to bind a large number of targets, from small 

molecules to large oligosaccharides. Ammo acid based peptides, polythioureas, and polyguanidiniums are depicted 
in FIG. 10. 

Techniques for the building of DNA fragments and polypeptide fragments on a polymer particle are well 
known. Techniques for the immobilization of naturally occurring antibodies and enzymes on a polymeric resin are 
0 also well known. The synthesis of polythioureas upon a resin particle may be accomplished by the synthetic 
pathway depicted in FIG. 11. The procedure may begin by depletion of the tenninal tBoc protectmg group on 
an amino acid coupled to a polymeric particle. Removal of the protecting group is followed by coupling of the 
rigid spacer 410 to the resulting amine 405 using diisopropylcarbodiimide (DIG) and 1-hydroxybenzotnazo.e 
hydrate (HOBT). The spacer group may inhibit formation of a thiazolone by reaction of the first ammo acids w,th 
•5 subsequently formed thioureas. After the spacer group is coupled to the amino acid, another tBoc depletion is 
performed to remove the spacer protecting group, g.ving the amine 415. At this point, monomer may be added 
incrementally to the growing chain, each time followed by a tBoc deprotection. The addition of a derivative of the 
diamine 420 (e.g., an isothiocyanate) to amine 415 gives the mono-thiourea 425. The addition of a second thiourea 
substituent is also depicted. After the addition of the desired number of monomers, a solution of 
30 benzylisoduocyanate or acetic anhydride may be added to cap any remaining amines on the growing oligomers. 
Between 1 to 20 thioureas groups may be formed to produce a synthetic polythiourea receptor. 

The synthesis of polyguanidiniums may be accomplished as depicted in FIG. 12. In order to incorporate 
these guanidinium groups into the receptor, the coupling of a thiourea with a terminal amine in the presence of 
Mukaiyama-s reagent may be utilized. The coupling of the first thiourea diamine 430 with an amino group of a 
35 polymeric particle gives the mono-guanidinium 434. Coupling of the resulting mono-guanidinium with a second 
thiourea diamine 436 gives a di-guanidinium 438. Further coupling may create a tri-guanidinium 440. Between 1 
to 20 guanidinium groups may be formed to produce a synthetic polyguanidinium receptor. 

The above described methods for making polythioureas and polyguanidiniums are based on the 
incorporation of diamines (i.e., molecules which include at least two amine functional groups) into the oligomeric 
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analyte binding; thus, measurement of rhodamine fluorescence intensity (at a substannally longer wavelength than 
fluorescein fluorescence) may serve as an indicator of analyte bindmg. To greatly improve the likelihood of a 
modulatory fluorescein-rhodamine interaction, multiple rhodamme tags may be attached at different sites along a 
receptor molecule without substantially increasing background rhodamine fluorescence (only rhodamine very close 
, 0 fluoresce* will yield appreciable signal). This methodology may be applied to a number of alternate fluorescent 
pairs. 

In an embodiment, a large number of chemical/biological agents of interest to the military and cmhan 
communities may be sensed readily by the described array sensors including both small and medium size 
molecules. For example, it is known that nerve gases typically produce phosphate structures upon hydrolysis in 
water. The presence of molecules which contain phosphate functional groups may be detected using 
polyguanidiniums. Nerve gases which have contaminated water sources may be detected by the use of the 
polyguanidinium receptors described above. 

In order to identify, sense, and quantitate the presence of various bacteria using the proposed micro- 
machined sensor, two strategies may be used. Fust, small molecule recognition and detection may be exploited. 
Since each bacteria possesses a unique and distinctive concentration of die various cellular molecules, such as 
DNA proteins, metabolites, and sugars, the fingerprint (i.e., the concentration and types of DNA, proteins, 
metabolites, and sugars) of each organism is expected to be unique. Hence, the analytes obtained from whole 
bacteria or broken down bacteria may be used to determine the presence of specific bacteria. A series of receptors 
specific for DNA molecules, proteins, metabolites, and sugars may be incorporated into an array. A solution 
containing bacteria, or more preferably broken down bacteria, may be passed over the array of particles. The 
mdividual cellular components of the bactena may interact in a different manner with each of the particles. This 
interaction will provide a pattern within the array which may be unique for the individual bacteria. In this manner, 
the presence of bacteria within a fluid may be determined. 

In another embodiment, bacteria may be detected as whole entities, as found in ground water, aerosols, or 
blood To detect, sense, and identify intact bacteria, the cell surface of one bacteria may be differentiated from 
other bactena. One method of accomplishing this differentiation is to targe, cell surface oligosaccharides (i.e. sugar 
residues). Each bacterial class (gram negative, gram positive, etc.) displays a different oligosaccharide on their cell 
surfaces. The oligosaccharide, which is the code that is read by other cells givuig an identification of die cell, is 
part of the cell-cell recognition and communication process. The use of synthetic receptors which are specific for 
oligosaccharides may be used to determine the presence of specific bacteria by analyzing for the cell surface 
oligosaccharides. 

In another embodiment, the sensor array may s e used to optimize which receptor molecules should be 
used for a specific analyte. An array of receptors may oe placed within the cavities of die supporting member and a 
stream containing an analyte may be passed over the array. The reaction of each portion of the sensing array to the 
5 known analyte may be analyzed and the optimal receptor determined by determining which particle, and therefore 
which receptor, exhibits the strongest reacnon toward the analyte. In this manner, a large number of potential 
receptors may be rapidly scanned. The optimal receptor may then be incorporated into a system used for the 
detection of the specific analyte in a mixture of analytes. 
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It should be emphasized that although some panicles may be purposefully designed to bind to important 
species (biological agents, toxins, nerve gasses, etc.), most structures will possess nonspecific receptor groups. One 
of the advantages associated with the proposed sensor array is the capacity to standardize each array of particles via 
exposure to various analytes, followed by storage of the patterns which arise from interaction of the analytes with 

5 the particles. Therefore, there may not be a need to know the identity of the actual receptor on each particle. Only 
the characteristic pattern for each array of particles is important. In fact, for many applications it may be less time 
consuming to place the various particles into their respective holders without taking precautions to characterize the 
location associated with the specific particles. When used in this manner, each individual sensor array may require 
standardization for the type of analyte to be studied. 

IQ On-site calibration for new or unknown toxins may also be possible with this type of array. Upon 

complexation of an analyte, the local microenvironmem of each indicator may change, resulting in a modulation of 
the light absorption and/or emission properties. The use of standard pattern recognition algorithms completed on a 
computer platform may serves as the intelligence factor for the analysis. The "fingerprint" like response evoked 
from the simultaneous interactions occurring at multiple sites within the substrate may be used to identify the 

1 5 species present in unknown samples. 

The above described sensor array system offers a number of distinct advantages over exiting technologies. 
One advantage is that "real time" detection of analytes may be performed. Another advantage is that the 
simultaneous detection of multiple analytes may be realized. Yet another advantage is that the sensor array system 
allows the use of synthetic reagents as well as biologically produced reagents. Synthetic reagents typically have 

20 superior sensitivity and specificity toward analytes when compared to the biological reagents. Yet another 
advantage is that the sensor array system may be readily modified by simply changing the particles which are 
placed within the sensor array. This interchangability may also reduce production costs. 



EXAMPLES 

25 1, The determination of pH using a chemically sensitive particle. 

Shown in FIG. 15 is the magnitude of the optical signal transmitted through a single polymer particle 
derivatized with o-cresolphthalein. Here, a filter is used to focus the analysis on those wavelengths which the dye 
absorbs most strongly (i.e., about 550 nm). Data is provided for the particle as the pH is cycled between acid and 
basic environments. In acidic media (i.e., at times of 100-150 seconds and 180-210 seconds), the particle is clear 

30 and the system yields large signals (up to greater than 300,000 counts) at the optical detector. Between times of 0- 
100 and 150-180 seconds, the solution was made basic. Upon raising the pH (i.e., making the solution more basic), 
the particle turns purple in color and the transmitted green light is greatly dmunished. Large signal reductions are 
recorded under such circumstances. The evolution of the signal changes show that the response time is quite rapid, 
on the order of 10 seconds. Furthermore, the behavior is highly reproducible. 

35 

2. The simultaneous detection of Ca* 2 . Ce* 3 , and pH by a sensor array system. 

The synthesis of four different particles was accomplished by coupling a variety of indictor ligands to a 
polyethylene glycol-polystyrene ("PEG-PS*') resin particle. The PEG-PS resin particles were obtained from 
Novabiochem Corp., La Jolla, Ca. The particles have an average diameter of about 130 urn when dry and about 
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a sensor for lanthanum tons at lower pHs by tunnng yellow to orange. Third, the combination of both fluoride and 
lanthanum ions results in yellow/orange coloration. 

This example demonstrates a number of important factors related to the design, testing, and functionality 
of micromachined array sensors for solution analyses. First, derivatization of polymer particles with bo* 
colorimetric and fluorescent dyes was completed. These structures were shown to respond to P H and Ca* 
Second, response times well under 1 minute were found. Third, micromachined arrays suitable both for 
confinement of particles, as well as optica, characterization of the particles, have been prepared. Fourth, integration 
of the test bed arrays with commercially available CCD detectors has been accomplished. Finally, simultaneous 
detection of several analytes in a mixture was made possible by analysis of the RGB color patterns created by the 



10 sensor array. 



t, The detection of sugar molecules using a boronic acid based receptor. 

A series of receptors were prepared with functionalities that associate strongly with sugar molecules, as 
depicted in FIG. 9. In this case, a boronic acid sugar receptor 500 was utilized to demonstrate the functionality of a 
IS new type of sensing scheme m which competitive displacement of a resorufin denvatized galactose sugar molecule 
was used to assess the presence (or lack thereof) of other sugar molecules. The boronic acid receptor 500 was 
formed v.a a substitution reaction of a benzylic bromide. The boronic acid receptor was attached to a polyethylene 
glycol-polystyrene ("PEG-PS") resin particle at the "R" position. Initially, the boronic acid derivatized particle was 
loaded with resorufin derivatized galactose 510. Upon exposure of the particle to a solution containing glucose 
20 520 the resorufin derivatized galactose molecules 5 10 are displaced from the particle receptor sites. Vtsual 
inspection of the optical photographs taken before and after exposure to the sugar solution show that the boron 
substituted resin i. capable of sequestenng sugar molecules from an aqueous solution. Moreover, the subsequent 
exposure of the colored particles to a solution of a non-tagged sugar (e.g., glucose) leads to a displacement of the 
bound colored sugar reporter molecule. Displacement of this molecule leads to a change in the color of the particle. 
25 The sugar sensor turns from dark orange to yellow » solutions containing glucose. The particles were also tested 
m conditions of varying pH. It was noted that the color of the particles changes from dark orange to yellow as the 
pH is varied from low pH to high pH. 

FURTHER IMPROVEMENTS 

30 Shown in FIG. 17 is an embodiment a system for detecting analytes in a fluid. In one embodiment, the 

system includes a light source 512, a sensor array 522, a chamber 550 for supporting the sensor array and a detector 
530. The sensor array 522 may include a supporting member which is configured to hold a variety of particles. In 
one embodiment, light originating from the light source 5 12 passes through the sensor array 522 and out through 
the bottom side of the sensor array. Light modulated by the particles may be detected by a proximally spaced 

35 detector 530. While depicted as betng positioned below the sensor array, it should be understood that the detector 
may be positioned above the sensor array for reflectance measurements. Evaluation of the optical changes may be 
completed by visual inspection (e.g., by eye, or w.th the aid of a microscope) or by use of a microprocessor 540 
coupled to the detector. 
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I« this embodiment, the sensor array 522 is portioned with* a chamber 550. Th- chamber 550, may be 
configured to a.low a fluid stream to pass through the chamber such mat the fluid stream interacts with the sensor 
_ 522 The chamber may be constructed of glass (e.g. borosilicate glass or quartz) or a plastic matenal whtch « 
parent to a portion of the light from the light source. If a piastre material is used, the piastre material should 
also be substantially unreactive toward the fluid. Examples of plastic materials whrch may be used to form the 
charaber include, but are not Hnuted to, acrylic resms, polycarbonates, polyester resins, polyethylene, po.ytnndes, 
polyvinyl polymers (e.g., polyvinyl chlonde, po.yvtnyl acetate, polyvuryl dichloride, polyvinyl fluoride etc.), 
polystyrenes, polypropylene, P o^ 

Sykes-Moore chamber, which is commercially ava.lable from Bel.co Glass, Inc., m New Jersey. Chamber 550, m 
one embodiment, deludes a fhud inlet port 552 and a fluid outlet port 554. The flurd inlet 552 and outlet 554 pons 
are configured to allow a fluid sfream to pass into the tntenor 556 of the chamber during use. The inlet and outlet 
ports may be configured to allow facile placement of a conduit for transfemng the fluid to the chamber. In one 
embodiment, the ports may be hollow condu.ts. lb. hollow conduits may be configured to have an outer drameter 
whrch ,s substantially equal to the inner drameter of a .be for transferring the fluid to or away from the chambe. 
For example, if a plastic or rubber tube is used for the transfer of the fund, to internal diameter of the piastre tube 
issubsuntiallyequaltotheouterdiameteroftheinletandoutletports. 

fa another embodiment, the inlet and outlet ports may be Luer lock style connectors. Preferably, the tnlet 
and outlet ports are female Luer loclc connectors. The use of female Luer lock connectors w.ll allow the fluid to be 
Educed via a synnge. Typically, syringes include a male Luer lock connector at the dispensing end of the 
syringe For the introduction of liquid samples, the use of Luer lock connectors may allow samples to be 
transferred directly from a syringe to the chamber 550. Luer lock connectors may afco allow plastic or rubber 
tubing to be connected to the chamber using Luer lock tubing connectors. 

The chamber may be configured to allow the passage of a fluid sample to be substantially confined to the 
tnterior 556 of the chamber. By confining the fluid to a small intenor volume, the amount of fluid required for an 
; analysisr^ybemmirnized.rnemtenorvo.umemaybe^^ 

examp.e for the analysis of small volumes of fluid samples, the chamber may be des,gned to have a small tntenor 
chamber, thus reducing the amount of fluid needed to fill the chamber. For larger samples, a larger tntenor 
chambermaybeused. Larger chambers may a.low a faster throughput of the fluid during us. 

In another embodiment, depicted in FIG. 18, a system for detect analytes in a fluid includes a hght 
0 source 512 a sensor array 522, a chamber 550 for supporting the sensor array and a detector 530, all enclosed 
within a detection system enclosure 560. As described above, the sensor array 522 is preferably formed of a 
supporting member which is configured to hold a vanety of particles. Thus, m a single enclosure, all of the 
components of an analyte detection system are included. 

Tta formation of an analyte detection system in a single enclosure may allow the formation of a portable 
15 detection system. For example, a small con.ol.er 570 may be coupled to the analyte detection system. The 
controller 570 may be configured to rnterac, with the detector and display the resu.ts from the analysis. In one 
embodiment, the controller rnc.udes a display dev.ee 572 for disp.aytng information to a user. The controller may 
also include input devices 574 (e.g., buttons) to a.low the user to contro. the operation of the ana.yte detectron 
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™ detecrion w*» *»• ™ <* i-*-*-* «* " e 576 

E.ch of ft. dereotion sy»- enetosutes n»y inciud. differ — « «»» ** 
„ y bee,eh„ged. T„ i s W p.»v^v..«g e o»,,» ta ,.»^ofd M «i»s=b ra — d. For example a 

ft.,— . — — »*« ..white Ugh,. A^od.^.sya.en.e.e^yb. 

eorfign^fo, fluorescein 

, s derecbon system enC.su. .nay * rnclude oft. components uecessa* fo. pmduou* . -~ 

Fo, e»np,e, ft. second M. ^ »y afco ftcl.de , frlte, fo, p-e.entftg short — * e— f»m 
producing W sign.* <• *— "™ 

20 .nay scions o,d.,=eft,.™*m«m select ^ 

I^mte e^«ft.«^-°«'^^ teto ^ ,^ ^ S ' SM ,™ , 
ftelude coupling memb«s 573 and 575 fta, allow fte lig».sou«« and ft. detecr, -pecti.ely. ..be .emnved 
ftomfteel-nbe^. Thi.m.y .«».««. modular design of ftesys*m. Fore^pl.. an analysts «»y be 
ft. performed wltb . whit. Ugh. sou*. . gi-e da- con.po.dftg to . absorbam^fhrcuftce Ate 
offteplcs. Sft c eftepa rt e ksta ve^ybee.^-ft.«u^av™.ysU™ybeP«f.^^u, 
tofte, _ of fte particles «* a M. I.* — — P " f< "™' " S "' 8 * ^ 

Tone embodiment the supporting member t, nude of any mater* cap* of supporting ft. P^h* 
30 w,*.Uowftgft.pa»s.offte.pp ro pn.«w.»e 1 «n 8 *of« 6 bt The supporting may also be made o . 

subsunnany pervious to fte fluid ft which fte is present. A vane* of rn.«^ nayb. used 
Including pU.ics (e.g.. phororesis. materia* Hymers, carbonate po.yme*. - A sftcon b*ed 

^ fc *.ft**— .-)-■* h -^^ri* 

ftclude, a phnahty ofcavines. The cavities „ prefenbly formed such ft., at le*. one p«* » substan^y 
35 contained within fte cavity. AUerttabve.y.aplun.htyofp^c.e.rn.yr.co.ftftedwiftft.sftglee.v,,,. 

u ,s.n«=r.bodime... i twi.,ben=e.ss 1W ,op.s» q «.dsove,ftesen»,»»,. The d,™»c mon.n of 

fte particles are pretobly be.d within cines formed in a supporting o^b, ft. 

electron microscope ("TEM") grid. As depicred in FIG. 19, a cavity 580 i, formed in a supporting member 
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After placement of a particle 584 vmhin the cavuy, a TEM grid 586 may be placed atop the supporting member 582 
and secured into position. TEM grids and adhesives for securing TEM gnds to a support are commeroally 
available from Ted Pella, Inc.. Redding, CA. The TEM gnd 586 may be made from a number of matenals 
deluding but not limited to, copper, nickel, gold, silver, aluminum, molybdenum, titanium, nylon, berylhum, 
5 carbon and beryllium-copper. The mesh structure of the TEM grid may allow solution access as well as opttcal 
access to the particles that are placed in the cavities. FIG. 20 further depicts a top view of a sensor array w,th a 
TEM grid 586 formed upon the upper surface of the supporting member 582. The TEM grid 586 may be placed on 
the upper surface of the supporting member, trapping particles 584 within the cavities 580. As depicted, the 
openings 588 in the TEM gnd 586 may be sized to hold the particles 584 within the cavities 580, while al.owtng 

1 0 fluid and optical access to cavities 580. 

In another embodiment, a sensor array includes a supporting member configured to support the particles, 
wlnle allowing the passage of the appropriate wavelength of light to the particle. The supporting member, in one 
embodiment, includes a plurality of cavities. The cavities may be formed such that at least one particle >s 
substantially contained within the cavity. Tte supporting member may be confined to substantially inhibit the 

,5 displacement of the particles from the cav.ties dunng use. The supporting membermay also be configured to allow 
the passage of the fluid through cavities, e.g., the fluid may flow from the top surface of the supporting member, 
past the particle, and out the bottom surface of the supporting member. Tins may increase the contact time between 
the particle and the fluid. 

Figures 21A-G depict a sequence of processing steps for the formation of a silicon based supportmg 
member which includes a removable top cover and bottom cover. The removable top cover may be configured ,o 
allow fluids to pass through the top cover and into the cavity. The removable bottom cover may also be configured 
to allow the fluid to pass through the bottom cover and out of the cavity. As depicted in FIG. 21A, a senes of 
layers may be deposued upon both sides of a silicon substrate 610. First removable layers 612 may be deposued 
upon the silicon substrate. The removable layers 612 may be silicon dioxide, silicon nitride, or photores.s, matenal. 
25 in one embodiment, a layer of silicon dioxide 612 is deposited upon both surfaces of the silicon substrate 610. 
Upon these removable layers, covers 614 may be formed. In one embodiment, covers 614 are formed from a 
material that differs from the material used to form the removable layers 612 and which is substantially transparent 
to the light source of a detection system. For example, if the removable layers 612 are formed from silicon dioxide, 
the cover may be formed from silicon nitride. Second removable layers 616 may be formed upon the covers 614. 
30 Second removable layers 616 may be formed from a material that differs from the material used to form the covers 
6 14 Second removable layers 616 may be formed from a material similar to the material used to form the first 
removable layers 612. In one embodiment, first and second removable layers 612 and 616 are formed from smcon 
dioxide and covers 614 are formed from silicon nitride. The layers are patterned and etched using standard 
photolithographic techniques. In one embodiment, the remaining portions of the layers are substantially aligned » 
35 the position where the cavities are to be formed in the silicon substrate 610. 

After the layers have been etched, spacer structures may be formed on the sidewalls of the first removable 
.ayers 612 the covers 614, and the second removable layers 616, as depicted in FIG. 21B. The spacer structures 
may be formed from the same material used to form the second removable layers 616. In one embodiment, 
depositing a spacer layer of the appropriate materia, and subjecting the material to an anisotropic etch may form the 
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spacer structures. An anisotropic etch, such as a plasma etch, employs both physical and chemical removal 
mechanisms. Ions are typically bombarded at an angle substantially perpendicular to the semiconductor substrate 
upper surface. This causes substantially horizontal surfaces to be removed faster than substantially vertical 
surfaces. During this etching procedure the spacer layers are preferably removed such that the only regions of the 
5 spacer layers that remain may be those regions near substantially vertical surfaces, e.g., spacer structures 618. 

After formation of the spacer structures 618, cover support structures 620, depicted in FIG. 21C, may be 
formed. The cover support structures may be initially formed by depositing a support structure layer upon the 
second removable layer 616 and spacer structures 618. The support structure layer is then patterned and etched, 
using standard photolithography, to form the support structures 620. In one embodiment, the support structures are 

10 formed from a material that differs from the removable layers material. In one embodiment, the removable layers 
may be formed from silicon dioxide while the support structures and covers may be formed from silicon nitride. 

Turning to FIG. 21 D, the second removable layers 616 and an upper portion of the spacer structures 618 
are preferably removed using a wet etch process. Removal of the second removable layers leaves the top surface of 
the covers 614 exposed. This allows the covers to be patterned and etched such that openings 622 are formed 

15 extending through the covers. These openings 622 may be formed in the covers 614 to allow the passage of fluid 
through the cover layers. In one embodiment, the openings 622 are formed to allow fluid to pass through, while 
inhibiting displacement of the particles from the subsequently formed cavities. 

After the openings 622 have been formed, the remainder of the first removable layers 612 and the 
remainder of the spacer structures 618 may be removed using a wet etch. The removal of the removable layers and 

20 the spacer structures creates "floating" covers 614, as depicted in FIG. 21E. The covers 614 may be held in 
proximity to the silicon substrate 610 by the support structures 620. The covers 614 may now be removed by 
sliding the covers away from the support structures 620. In this manner removable covers 614 may be formed. 

After the covers 614 are removed, cavities 640 may be formed in the silicon substrate 610, as depicted in 
FIG. 2 IF. The cavities 640 may be formed by, initially patterning and etching a photoresist material 641 to form a 

25 masking layer. After the photoresist material 641 is patterned, the cavities 640 may be etched into the silicon 
substrate 610 using a hydroxide etch, as described previously. 

After the cavities 640 are formed, the photoresist material may be removed and particles 642 may be 
placed within the cavities, as depicted in FIG. 2 1G. The particles 642, may be inhibited from being displaced from 
the cavity 640 by placing covers 614 back onto the upper and lower faces of the silicon substrate 610. 

30 In another embodiment, a sensor array may be formed using a supporting member, a removable cover, and 

a secured bottom layer. FIGS. 22 A-G depict a series of processing steps for the formation of a silicon based 
supporting member which includes a removable top cover and a secured bottom layer. The removable top cover is 
preferably configured to allow fluids to pass through the top cover and into the cavity. As depicted in FIG. 22A, a 
series of layers may be deposited upon both sides of a silicon substrate 610. A first removable layer 612 may be 

35 deposited upon the upper face 61 1 of the silicon substrate 610. The removable layer 612 may be silicon dioxide, 
silicon nitride, or photoresist material. In one embodiment, a layer of silicon dioxide 612 is deposited upon the 
silicon substrate 610. A cover 614 may be formed upon the removable layer 612 of the silicon substrate 610. In 
one embodiment, the cover 614 is formed from a material that differs from the material used to form the removable 
layer 612 and is substantially transparent to the light source of a detection system. For example, if the removable 
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lay er 612 is formed from silicon dioxide, the cover layer 614 may be formed from silicon nitride. In one 
embodiment, a bottom layer 615 is formed on the bottom surface 613 of the silicon substrate 610. In one 
embodiment, the bottom layer 615 is formed from a material .hat is substantially transparent to the light source of a 
detection system. A second removable layer 616 may be formed upon the cover 614. Second removable layer 616 

i may be formed from a material that differs from the material used to form the cover layer 6 14. Second removable 
layer 616 may be formed from a material similar to the material used to form the firs, removable layer 612. In one 
embodiment, first and second removable layers 612 and 616 are formed from silicon dioxide and cover 614 is 
formed from silicon nitride. The layers formed on the upper surface 61 1 of the silicon substrate may be patterned 
and etched using standard photolithographic techniques. In one embodiment, the remaining portions of the layers 

0 formed on the upper surface are substantially aligned in the position where the cavities are to be formed . the 
silicon substrate 610. 

After the layers have been etched, spacer structures may be formed on the side walls of the firs, removable 
layer 612 the cover 614, and the second removable layer 616, as depicted in FIG. 22B. The spacer structures may 
be formed from the same material used to form the second removable layer 616. In one embodiment, the spacer 
5 structures may be formed by depositing a spacer layer of the approbate material and subjecting the spacer layer to 
an anisotropic etch. During this etching procedure the spacer layer is preferably removed such that the only regions 
of the spacer layer which remain may be those regions near substantially vertical surfaces, e.g., spacer structures 
618. 

After formation of the spacer structures 618, cover support structures 620, depicted in FIG. 22C, may be 
20 formed upon the removable layer 616 and the spacer structures 618. The cover support structures 620 may be 

formed by depositing a support structure layer upon the second removable layer 6 1 6 and spacer structures 618. The 
support structure layer is then patterned and etched, using standard photohthography, to form the support structures 
620 in one embodiment, the support structures are formed from a material that differs from the removable layer 
materials. In one embodiment, the removable layers may be formed from silicon dioxide while the support 
25 structures and cover may be formed from silicon nitride. 

Turning to FIG. 22 D, the second removable layer 616 and an upper portion of the spacer structures 618 
may be removed using a wet etch process. Removal of me second removable layer leaves the top surface of the 
cover 614 exposed. This allows the cover 614 to be patterned and etched such that openings 622 are formed 
extending through the cover 614. These openings 622 may be formed in the cover 614 to allow the passage of fluid 
30 through the cover. In one embodiment, the openings 622 are formed to allow fluid to pass through, while inbibrtmg 
displacement of the particle from a cavity. The bottom layer 615 may also be similarly patterned and etched such 
mat openings 623 may be formed extending thorough the bottom layer 615. 

After the openings 622 and 623 are formed, the first removable layer 612 and the remainder of the spacer 
structures 618 may be removed using a wet etch. The removal of the removable layers and the spacer structures 
35 creates a "floating" cover 614, as depicted in FIG. 22E. The cover 614 may be held in proximity to the silicon 
substrate 610 by the support structures 620. The cover 614 may now be removed by sliding me cover 614 away 
from the support structures 620. In this manner a removable cover 614 may be formed. 

After the cover 614 is removed, cavities 640 may be formed in the silicon substrate 610, as depicted in 
FIG. 22F. The cavities 640 may be formed by, initially patterning and etching a photoresist material 641 to form a 
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masking layer. After the photoresist material 614 is patterned, the cavities 640 may be etched into the silicon 
substrate 610 using a hydroxide etch, as described previously. 

After the cavities 640 are formed, the photoresist material may be removed and particles 642 may be 
placed within the cavities, as depicted in FIG. 22G. The particles 642, may be inhibited from being displaced from 

5 the cavity 640 by placing cover 614 back onto the upper face 6 1 1 of the silicon substrate 610. The bottom layer 
615 may also aid in inhibiting the particle 642 from being displaced from the cavity 640. Openings 622 in cover 
614 and openings 623 in bottom layer 615 may allow fluid to pass through the cavity during use. 

In another embodiment, a sensor array may be formed using a supporting member and a removable cover. 
FIGS. 23 A-G depict a series of processing steps for the formation of a silicon based supporting member which 

10 includes a removable cover. The removable cover is preferably configured to allow fluids to pass through the cover 
and into the cavity. As depicted in FIG. 23 A, a series of layers may be deposited upon the upper surface 61 1 of a 
silicon substrate 610. A first removable layer 612 may be deposited upon the upper face 611 of the silicon 
substrate 610. The removable layer 612 may be silicon dioxide, silicon nitride, or photoresist material. In one 
embodiment, a layer of silicon dioxide 612 is deposited upon the silicon substrate 610. A cover 614 may be formed 

1 5 upon the removable layer 612. In one embodiment, the cover is formed from a material which differs from the 
material used to form the removable layer 612 and which is substantially transparent to the light source of a 
detection system. For example, if the removable layer 612 is formed from silicon dioxide, the cover 614 may be 
formed from silicon nitride. A second removable layer 616 may be formed upon the cover 614. Second removable 
layer 616 may be formed from a material that differs from the material used to form the cover 614. Second 

20 removable layer 616 may be formed from a material similar to the material used to form the first removable layer 
612. In one embodiment, first and second removable layers 612 and 616 are formed from silicon dioxide and cover 
614 is formed from silicon nitride. The layers formed on the upper surface 61 1 of the silicon substrate may be 
patterned and etched using standard photolithographic techniques. In one embodiment, the remaining portions of 
the layers formed on the upper surface are substantially aligned in the position where the cavities are to be formed 

25 in the silicon substrate 6 1 0. 

After the layers have been etched, spacer structures 618 may be formed on the side walls of the first 
removable layer 612, the cover layer 614, and the second removable layer 616, as depicted in FIG. 23B. The 
spacer structures 618 may be formed from the same material used to form the second removable layer 616. In one 
embodiment, the spacers may be formed by depositing a spacer layer of the appropriate material upon the second 

30 removable layer and subjecting the material to an anisotropic etch. During this etching procedure the spacer layer 
is preferably removed such that the only regions of the spacer layer which remain may be those regions near 
substantially vertical surfaces, e.g., spacer structures 618. 

After formation of the spacer structures 618, cover support structures 620, depicted in FIG. 23C, may be 
formed upon the removable layer 616 and the spacer structures 618. The cover support structure may be formed by 

35 initially depositing a support structure layer upon the second removable layer 616 and spacer structures 618, The 
support structure layer is then patterned and etched, using standard photolithography, to form the support structures 
620. In one embodiment, the support structures 620 are formed from a material that differs from the removable 
layer materials. In one embodiment, the removable layers may be formed from silicon dioxide while the support 
structure and cover layer may be formed from silicon nitride. 
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Turning to FIG. 23D, the second removable layer 616 and an upper portion of the spacer strictures 61 8 

, L aUows the cover 614 to be patterned and etched such that opening* 622 are formed 
cover 6.4 exposed. Tms allows the cover F ^ efonnedinthe cover 6.4 to aUow me passage of fluid 
extending through the cover 614. These openmgs 622 may be formed 

™ M! * 8 „ „ „„ n, c oora 614 m, «» be ««™d b, .lidmg ft. cam 

i* k ttnm of the cavity By forming a cavity in this manner, a particle placed in the 

25 Figures 24A a P ttnmnartial CO ver The top partial cover and bottom partial 

width that is substantially less than a width of a particle. Thus a particle win 
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»he bottom layer. .. . ,. 

c .a ^rtir im 7 1 8 mav be inserted into the cavities 7 1 6, as depicted in 
After the cavities have been formed, particles 718 may oe insencu 

• in™ «rve as a simoon for the particles 718. Thus the particles 718 may 
FIG 24C The etched bottom layer 712 may serve as a supponwr v 

, •• u n..k„«„ m | ! iv<.r 712 The openings 714 in the bottom layer 
be inhibited from being displaced from the cavities by the bottom layer 712. The op g 

712 may allow fluid to pass through the bottom layer during use. 

After the particles are placed in the cavities, a top layer 720 may be placed upon the upper surface 717 of 
ffie silicon substrate. In one embodiment the top layer 720 is fonned from a n^tenal is substantially parent to 
.heUghtsourceofadetectionsystem. The top layer may be formed from silicon nimde, siUcon dio«d^ ,« 
photoresistmaterial. In one embody a sheet of phoresis, material is used. ^»"*J»*~ 

; Jopedbyfonnmgaphotoresistlayeruponthetoplayer.developmg^ 

to etch the underlying top layer. 

- depicted i» HO 25 A-D, the suppordng m*. m, be =o=po^ of photoresist - 

(25 urn) to about 2 mil. (50 urn). ^ « 

In an embodimeW, a first photoresist layer 722 is devetoped and etdied such that openings 724 are 

formed. The openings may be formed proximate the iocs... of *e subsidy feared cavides. *=fenb,y, *• 

„ kM d upon the ^"•^^^■".rrr.t. 

arc^nlayermaybecomp^dof a 50 un, phoresis. urtL AltematMy, the phuores,,. layer ma, h. 
» coTJofa— .-^^H-*.----*''-----"--*"'* 

be depicted in later embodiments. 

T^inphotoresistlaye^^^^ 
The cavities, in one embodiment, are substantial* aligned above the previously formed opemngs 724.. Cav.ties 
728 in one embodiment, have a width which is greater than a width of a panicle. 
35 For many types of analysis, the photoresist material is substantially transparent to the light source used. 

Thus, as opposed to a silicon supporting member, the p^^-**-*-^^ 

cvity- This leakage of hght from one cavity to the next may lead to detection problems. For example, .fa first 
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deposited using chemical vapor deposition or other known techniques for depositing thin metal layers. The 
f Active laver may inhibit "cross-talk" between the cavioes. 

i,„,„edrromb=»gdBpl*edfem^^ P 
o te to tt sU.l.yer722n»y^lo«nuidtopas S toghthebottomlaye,dumg«se. 

laver to allow the passage of the fluid into the cavities. 

HO 26A.-D. hnon.enr^enr.tnep^ — .^edof.™^^^— • %— " 

es.a.p.1^, -P^-»«--— ^ 
L^of cavils 42 may he formed in the plasdc -*L The cities 740 may he formed by dnshng (enhe, 

nio ».~.^»^^™~^ fc<, ~ - 'rf l . 

7^dth,t.hec.vi.ymaybef.,medi.>.^^^ 
tambeingdispUcedfrommecaviryisdepic.edinFIG.25D. . _ 

„ 20B T.e,owe,po rt .»743ofd.ecvi„e,rr.,serv,».s«pponfo,»,epa n ic,es71 ! . Uep^s,,.ma,be 

placed in the cavme .0. . cover 74. may he ptKrf upon *« upper surface 745 ofrb, plasne sub,..* 740. as 

.noneembodmren^coverisf.^dfr.m.fnmofp.oro.s.rmateHal. Alcove, 
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,44 is piaeed on d. P«c subsn,K 740, open* •— « *■ — » «- *" * 

the fluid into the cavities, 

,n S o,,eci— ces.subs.a.iiaUy Asdese„bed,b».,d>« 
« of, SUPP™. — -> « » bt ~"° *" ^ T ° "7* 0C ^" e 

». _ - of » to. » — • »y * " **-"" " °f 

,ec to i,ues ,o, d^osidBg -hi. l»y- * _ - *■«*• *- - «* *— fc 

,„ .nod,., «,nbodin,en, . *- — « * ' ™ y *"-' ' 

bonon, I.ye, .n d» — , d. cavi, »y be »pe,.d ,0 «• d. _» - »«<* «- *■ 
^ ,he bo.on, o, ,he supponing _d_ HO. 27A-D, depics to fo-abon of a sopponing men,*, fn-a 
„ lic o sute ™, In .his enrtodimen,, . ph— *- ™> " »— ^ » ' 
752, as depiced in HG. 27A. * pho— iaye, 750 ma, be anddeveioped sueh d. t. of 

d* silieon sobsmne to which *e oayines -in be fonned » exposed. 

Ca.i.es 754 may now be fonned. u depic.ed in FIO. 27B, by feeing d* *o« «*™« » - 

Lf.G 27D Tta.«^b..W-«^-^''^»**^* ta T 

ta. d,= »p fee of*. men.be, 752. Tne openings 75, in .be eo.e, and die open» 8 a, d. bodom 

d,e«avde S 754 1 oBe I he,n»y.Uownuid,opu S Wb.cavi W d^ 8U ». 

ta ano»e, embodin.ee,, a s.ppomng me»,b,„o, .« Panieie may be toed torn . pHd.b.yof 
llyer s of a p— ^ .n dd. embodiment, die e.v«y may be ^ed » tobibi, d,« passage of .he pamole 

ld.^.d^^i«-<.-i^^- TO ^^*^ - ; , 77 

f™» a pmmlir, of pho„.sis, iaye-s. b, an en.bo.bne., a » phoresis, Uye, 760 , ami 
, .Kbed ,o fonn a senes of opentogs 7« wbieh . penned a. *e bon» of Sdb«o«„dy »_d «•».»=, » 
dM«d in F>0. 28A. As d^ic»d in FIG. 28B, a se=»d ,.ye, of pb.,o re s» »«n, 76. m ay be fonned d. 
tepta^^m msecondphoio^ilay^maybed^eioped^deiohediof^ope^s 
sob«.„,iany.U e n,dwid,d l .openi.6sofd,««pb«» re sis,laye.760. Tbe op^ings ftn-d » in. s«ond 
pbo^esis, layer 7«. in on. embodtaen,. . snbs-.l. Urge, d» die ^ M i» *e fns, pho.o^, 

AS depict i, FIG. 28C. addidonal Uyets of phoio-sis, ma,e„,l 7« and 768 may be faned upon die 
s»ond pbo,o re ,is, biye, 764. It. « of die addition,, pho— Lye. 766 and 768 nuy be p^ely 
tap, as each ,aye, is added ,o d,e s»e k . In dns — . . »pe-«d eavi^ »a, be fo»ed. Additions^ of 
pho«, re s,s, n„y be added un,d d» desned dnctness of ,h. s.ppo-g men.be, .s e*ub«d. The dnekness 
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my ta M f »» . »- « — ■ — " ** 

may be formed in . »umb« of different - « "• — ^ "* ""^ 

andtrapezoi*.. A „ y of te «s to p= S n»yb e .b»inedb yW „pm«P»™^-^°f»'"'««-»' 

layers as they are formed. ( . 

„ »« « the pi— material may «• » ta Ush ' ^ by *' 

light source. As described above, the use of a transparent supporting member may lead to "cross-talk" between Che 
c Los To reduce the occurs of this "eross-talk". a subsutntiauy reflecve ,.y« 770 may be formed along the 

, utner surface of the c.«t,i«s 762. as depict* in FIG. 28D. .» .«= embodiment, me reflecdve layer is conned of . 
^ lave, which is formed on the inner surface of dt. cavities 762. The met,, layer may be deposit* ustng 
« vapo, deposition or other techniques fo, depositing tnin meta, t.yers. The presence of a reflect,,, layer 
may inhibit "cross-talk" between the cavities. 

After the c.v.ti.s 762 ate formed, parucle, 772 may be inserfed tnt. the cavine, 762. as deptct.d . FIG. 

, 28D The«™wporho»s.,o«c.vi»e,76 2 r»yserv.,.s.pponfo,theparnc,s77 2 . The p^cles 7,2 may 

are phtced in the cavities 762. a cove, 774 may be placed upon the upper surface of the top lay., 776 of*, 
supporting member. - dep.cted in FIG. 28E. In one embodiment, the cove, 77, is aho formed from . flm of 

20 passage of the fluid into the cavities. 

material which includes a parride support layer. F.GS. 29A-E depict the formado. of a supporrhtg member from a 
of openings 782 which may become part of subsequently formed cavities. In another embodiment, a cavity having 

' As depicted h. HO. 29B, a second photoresist layer 784 may be formed upon the fus, greats, layer 780. The 
s^d ph.tot.sis, .ye. 78. may be pattern* to fctm goings snbst»d.»y aligned with the opemngs 0 the ft. 
photoresist ,»,., 782. The openings formed in the second photoresist layer 784 may be substa.h* equ*. rn - 
. the previously formed opening, Al.ema.v.ly, dte openings may be variable in stze to form d.ff.reu, shaped 



30 cavities 



For reasons desenbed above, a substantially reflective layer 786 may be formed a,ong the tnner surface of 
thecavities 782 and the upper surface ofthe second photores.st layer 784, as dep.cted in FIG. 29C. Inone 
embodiment, the reflective ,ayer is composed of a meta, ,aye, lite meta, ,ayer may be deposited using chemtca, 
vapor deposition or outer technics for depositing thin meta, iayers. The presence of a reflecuve ,ayer may uthtbtt 

3 5 "cross-talk" between the cavities. 

After the meta, layer is deposited, a particle support ,ayer 788 may be formed on the bottom surface of the 
first photoresist layer 780, as depicted in FIG. 29D. The particle support layer 788 may be formed from photoresist 
material, silicon dioxide, silicon nitride, g,ass or a substantia,^ transparent P ,astic material. The particle support 
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Ate 0. W porting ™ " ^ 785 "= l , 

depicted in FIG. 29E. The panicle support layer 788 may serve as a support for the particles. Thus the paries 

,„„784 as depicted in FIG. 29E. ,„ on. embodiment, the cove, is also formed fro. a film of photo-ests, 
«. 4, cities. .0 this ettfcodiment. tie fluid is inhibited fton, flowing through ■>» 

A similar supporting member may be formed from a plastic material, a. depicted . FIGS. 30A-D. lb. 

otmed by drilling (either mecr-icall, or »it» a laser), transfer molding (e.g.. forrning the cavtnes when the 

U,epUsticsubsti»,e7,0.asd.pie«du,F,O. 3 0C. In one embedment,** eve, ma, be formed from a fum 

rthe fluids the cavities. While depicted as recangula, is should be understood 4a. «. c.v.esmaybe 
torrid in a variety of different shapes, utcluding ma.gular, pyramidal, pentagonal, polygon,!, oval, or cncula, 

substrate, as depicted in FIG. 30D. 

m one embodiment, a S enes of channels may be formed in the supporting member mterconnecttng some 
ofthe cavities, as depicted in FIG. 3. Pumps and valves may also be mcorporated mto me supporting memter . 
aidpassage of the fluid through the cavities. Aschemadcngureofadtapl^gmpun^SOOisdep.ctedmFIG 3, 

3 0,ahragmpumps,m g en^^^ 
valveSlT^e flexible d^^ 

As the diaphragm is deflected toward the cavty 810 it may cause the inlet valve 814 to close, the outlet valve 816 
t0 open and any H q uid which i, in the cavity 810 will be forced toward the outlet 816. As the diaphragm i moves 
away from the cavity810, the outlet valve 8 16maybe pulled to a closed portion, and the m.et valve 814 may be 
; 5 opened, allowing addinona. fluid to enter the cav.ty 8 10. In th.s manner a pump may be used to pump ffad 
through the cavities. It should be understood that the pump depicted in FIG. 3 1 is a generalized verston of a 
diaphragmbasedpump. Actual diaphragm pumps may have different shapes or may have inlet and outlet valves 
which are separate from the pumping device. 
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In one embodiment, the diaphragm 810 may be made from a p.ezoelectric material. This material will 
contract or expand when an appropriate voltage ,s applied to the diaphragm. Pumps using a piezoelectnc 
diaphragms are described in U.S. Paten, No, 4,344,743, 4.938,742, 5.61 1,676, 5,705.018, and 5,759,015, all of 
which are incorporated by reference. In other embodiments, the diaphragm may be activated usmg a pneumauc 
5 system In these systems, an air system may be coupled to the diaphragm such that changes « air density about the 
diaphragm, mduced by the pneumatic system, may cause the diaphragm to move toward and away from the cav.ty. 
A pneumatically contro.led pump is described in United States Patent No. 5,499,909 which is mcorporated by 
reference The diaphragm may also be controlied ustng a heat activated material. The diaphragm may be formed 
from a temperature sensitive material. In one embodiment, the diaphragm may be formed from a material winch . 
,0 configured to expand and contract in response to temperature changes. A pump system which relies on temperature 
activated diaphragm ,s described in Urated States Patent No. 5,288,214 which ,s incorporated by reference. 

In another embodiment, an electrode pump system may be used. FIG. 32 depicts a typ.cal electrode based 
system A senes of electrodes 820 may be arranged along a channel 822 which may lead to a cavity 824 winch 
includes a partic.e 826. By varying the voltage » the electrodes 820 a current flow may be induced in the fund 
15 within the channel 822. Examples of electrode based systems utc.ude, but are no, limned to, e.ecrroosmosis 
systems electrohydrodynarruc systems, and combinations of electroosmosis and electrohydrodynamic systems. 

Electrohydrodynamic pummng of fluids ,s known and may be applied to small capillary channel, In an 
elecohydrodynamic system electrodes are typically placed in contact with the fluid when a voltage is applied. The 
applied voltage may cause a transfer m charge either by transfer or removal of an electron to or from the fluid. Tms 
20 electron transfer typica.ly induces tiouid flow m the direction from the charging electrode to the oppositely charged 
electrode. Electrohydrodynamic pumps may be used for pumping fluids such as organic solvents. 

Electroosmosis, is a process which involves applying a voltage to a fluid in a small space, such as a 
capillary channel, to cause the fluid to flow. Tne surfaces of many solids, including quarrz, glass and the hke, 
become variously charged, negatively or positively, in the presence of iomc matenals, such as for example salts, 
25 acids or bases. Tne charged surfaces will attract oppositely charged (positive or negative) countenons « aqueous 
solutions Tne application of a voltage to such a solution results in a migration of the countenons to the oppositely 
charged electrode, and moves the bulk of the fluid as well. The volume flow rate is proportional to the current, and 
me volume flow generated in the fluid is also proportional to the app.ied voltage. An electroosmosis pump system 
is described in United States Patent No. 4,908,1 12 which is incorporated by reference. 
30 In another embodiment, a combination of electroosmosis pumps and electrohydrodynamic pumps may be 

used Wire electrodes may be inserted into the walls of a channel a, preselected intervals to form altemanng 
electroosmosis and electrohydrodynamic devices. Because electroosmosis and electrohydrodynamic pumps are 
both present, a plurality of different solutions, both polar and non-polar, may be pump along a single channel. 
Alternatively, a plurality of different solutions may be passed along a plurality of different channels connected to a 
35 cavity. A system which includes a combination of electroosmosis pumps and electrohydrodynarruc pumps ,s 
described in United States Patent No. 5,632.876 which is incorporated by reference. 

In an embodiment, a pump may be mcorporated into a sensor array system, as depicted in FIG. 32. A 
sensor array 830 includes at least one cavity 832 in which a particle 834 may be placed. The cav,ty 832 may be 
configured to allow fluid to pass through the cavity during use. A pump 836 may be incorporated onto a port™ of 
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the supporting member 838. A channel 83 1 may be formed in the supporting member 838 coupling the pump 836 
to the cavity 832. The channel 83 1 may be configured to allow the fluid to pass from the pump 836 to the cavity 
832. The pump 836 may be positioned away from the cavity 832 to allow light to be directed through the cavity 
during use. The supporting member 838 and the pump 836 may be formed from a silicon substrate, a plastic 
5 material, or photoresist material. The pump 836 may be configured to pump fluid to the cavity via the channel, as 
depicted by the arrows in FIG. 32. When the fluid reaches the cavity 832, the fluid may flow past the particle 834 
and out through the bottom of the cavity. An advantage of using pumps is that better flow through the channels 
may be achieved. Typically, the channels and cavities may have a small volume. The small volume of the cavity 
and channel tends to inhibit flow of the fluid through the cavity. By incorporating a pump, the flow of fluid to the 
10 cavity and through the cavity may be increased, allowing more rapid testing of the fluid sample. While a 
diaphragm based pump system is depicted in FIG. 33, it should be understood that electrode based pumping 
systems may also be incorporated into the sensor array to produce fluid flows. 

In another embodiment, a pump may be coupled to a supporting member for analyzing analytes in a fluid 
stream, as depicted in FIG. 34. A channel 842 may couple a pump 846 to multiple cavities 844 formed in a 
1 5 supporting member 840. The cavities 842 may include sensing particles 848. The pump may be configured to 
create a flow of the fluid through the channel 842 to the cavities 848. In one embodiment, the cavities may inhibit 
the flow of the fluid through the cavities 844. The fluid may flow into the cavities 844 and past the particle 848 to 
create a flow of fluid through the sensor array system. In this manner a single pump may be used to pass the fluid 
to multiple cavities. While a diaphragm pump system is depicted in FIG. 33, it should be understood that electrode 
20 pumping systems may also be incorporated into the supporting member to create similar fluid flows.. 

In another embodiment, multiple pumps may be coupled to a supporting member of a sensor array system. 
In one embodiment, the pumps may be coupled in series with each other to pump fluid to each of the cavities. As 
depicted in FIG. 35, a first pump 852 and a second pump 854 may be coupled to a supporting member 850. The 
first pump 852 may be coupled to a first cavity 856. The first pump may be configured to transfer fluid to the first 
25 cavity 856 during use. The cavity 856 may be configured to allow the fluid to pass through the cavity to a first 
cavity outlet channel 858. A second pump 854 may also be coupled to the supporting member 850. The second 
pump 854 may be coupled to a second cavity 860 and the first cavity outlet channel 858. The second pump 854 
may be configured to transfer fluid from the first cavity outlet channel 858 to the second cavity 860. The pumps 
may be synchronized such that a steady flow of fluid through the cavities is obtained. Additional pumps may be 
30 coupled to the second cavity outlet channel 862 such that the fluid may be pumped to additional cavities. In one 
embodiment, each of the cavities in the supporting member is coupled to a pump configured to pump the fluid 
stream to the cavity. 

In another embodiment, multiple electrode based pumps may be incorporated into the sensor array 
system. The pumps may be formed along the channels which couple the cavities. . As depicted in FIG. 36, a 
35 plurality of cavities 870 may be formed in a supporting member 872 of a sensor array. Channels 874 may also be 
formed in the supporting member 872 interconnecting the cavities 870 with each other. An inlet channel 876 and 
an outlet channel 877, which allow the fluid to pass into and out of the sensor array, respectively, may also be 
formed. A series of electrodes 878 may be positioned over the channels 874, 876, and 877. The electrodes may be 
used to form an electroosmosis pumping system or an electrohydrodynamic pumping system. The electrodes may 
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be coupled to a controller 880 winch may apply the approbate voltage to the appropnate electrodes to produce a 
flow of the fluid through the channels. The pumps may be synchronized such that a steady flow of fluid through 
the cavities is obtamed. The electrodes may be posmoned between the cavhies such that the electrodes do not 
significantly interfere with the application of light to the cavities. 

In some instances it may be necessary to add a reagent to a parricle before, dunng or after an analysis 
process Reagents may include receptor molecules or indicator molecules. Typically, such reagents may be added 
by passtng a fluid stream which includes the reagent over the sensor array. In an embodiment, the reagent may be 
mcorporated tnto the sensor array system which includes two parttcles. In this embodiment, a sensor array system 
900 may include two particles 910 and 920 for each sensing pos.rion of the sensor array, as depicted u, FIG. 37. 
10 The first particle 910 may be positioned in a first cavity 912. The second particle 920 may be posmoned in a 
second cavity 922. In one embodiment, the second cavity is coupled to the first cavity via a channel 930. The 
second part.de includes a reagent which ,s at leas, partially removable from the second particle 920. The reagent 
may also be configured to modify the first parricle 910, when the reagent ,s contacted with the first parttcle, such 
that the first panicle will produce a signal when the first particle interacts with an analyte dunng use. The reagent 
, 5 may be added to the first cavity before, during or after a fluid analysis. The reagent ts preferably coupled to the 

second particle 920. Tne a portion of the reagent coupled to the second particle may be decoupled from the pamcle 
by passutg a decoupling solution past the second particle. The decoupling solution may tnclude a decoupling agent 
which will cause at least a portion of the reagent to be at released by the particle. A reservoir 940 may be formed 
on the sensor anay to hold the decoupling solution. 

A first pump 950 and a second pump 960 may also be coupled to the supporting member 915. The first 
pump 950 may be configured to pump fluid from a fund inlet 952 to the first cavtty 912 via channel 930. The fluid 
inlet 952 is the location where the fluid, which includes the analyte, is introduced into the sensor array system. A 
second pump 950 may be coupled to the reservoir 940 and the second cavity 922. Tne second pump 960 may be 
used to transfer the decoupling solution from the reservoir to the second cavity 922. The decoupling solunon may 
,5 pass through the second cav.ty 922 and tnto first cavtty 912. Thus, as the reagent » removed the second pamcle tt 
may be transferred to the first cavity912. where the reagent may interact w,th the first particle 910. The reserve, 
may be refilled by removing the reservoir outlet 942, and adding additional fluid to the reservotr 940. Wfcle 
diaphragm based pump systems are depicted in FIG. 37, it should be understood that electrode based pumpmg 
systems may also be incorporated into the sensor array to produce fluid flows. 
30 The use of such a system is described by way of example. In some instances it may be desirable to add a 

reagent to the first particle prior to passing the fluid which includes the analyte to the first panicle. The reagent 
may be coupled to the second particle and placed in the sensor array prior to use, typically during construcnon of 
the array. A decoupling solution may be added to the reservoir before use. A controller 970 may also be coupled 
,o the system to allow automatic operation of the pumps. The controller 970 may be configured to inittate the 
35 analysis sequence by activating the second pump 960. causing the decoupling solution to flow from the reservotr 
940 to the second cavity 922. As the fluid passes through the second cavity 922. the decoupling solution may cause 
at leas, some of the reagent molecules to be released from the second particle 920. The decoupling solution may be 
passed out of the second cav.ty 922 and tnto the first cavity 912. As the solution passes through the first cav.ty, 
some of the reagent molecules may be captured by the first panicle 910. After a sufficient number of molecules 
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have been captured by the first panic, 910. How of fluid thorough the second cavity 922 may be stopped. During 

After the system is initialized, the second pump may be stopped and the fluid may be introduced to the 
first cavity 1* fust pump may be used to transfer the fluid to the first cavity, me second pump may remam off. 
5 fcus uniting flow of fluid from the reservoir to the first cavity. It should be understood that the reagent solution 
.nay be added to the ft* cavity while the fluid is added to the first cavity, .n this embodiment, both the first and 
second pumps may be operated substantially simultaneously. 

Alternatively, the reagent may be added after an analysis. In some instances, a particle may interact with 
an analyte such that a change in the receptors attached to the first particle occur, This change may not, however 
I0 produce a detectable stgnal. The reagent attached to the second bead may be used to produce a detectable signal 
^^^tof^*^-*****"- I" this embodtmen, me fluid ism.oduced 
mt o the cavity first. After the analyte has been given time to react with the particle, the reagent may be added to the 
first cavity The interaction of the reagent with the particle may produce a detectable signal. For example, an 
^dicator reagent may react with a particle which has been exposed to an analyte to produce a color change on the 
, 5 particle. Particle which have not been exposed to the analyte may remam unchanged or show a different color 

change. . _ _ 

As shown in FIG. 1, a system for detecting analytes in a fluid may include a light source 1 10. a sensor 

array 120 and a detector 130. The sensor array 120 is preferably formed of a supporting member which ,s 
configured to hold a variety of particles 124 in an ordered array. A high sensitivity CCD array may be used to 
20 measurers in optica. ^ . 

acquisition and handling is preferably performed with existing CCD technology. As described above, colonmetnc 
analysis may be performed using a white light source and a color CCD detector. However, color CCD detectors are 
typically more expensive than gray scale CCD detectors. 

In one embodiment, a gray scale CCD detector may be used to detect colorimetric change, In one 
,5 embodiment, a gray scale detector may be disposed below a sensor array to measure the intensity of light being 
emitted through the sensor array. A senes of lights (e.g., light emitting d.odes) may be arranged above *e 
S ensor array. In one embodiment, groups of three LED lights may be arranged above each of the cavities of the 
array. Each of these groups of LED lights may include a red, blue and a green light. Each of the lights may be 
operated individually such that one of the lights may be on while the other two hghts are off. In order to provide 
30 color information while using a gray sca.e detector, each of the lights is sequentially turned on and the gray scale 
detector is used to measure the intensity of the light passing through the sensor array. After information from each 
of the lights ,s collected, the information may be processed to denve the absorption changes of the particle. 

in one embodiment, the data collected by the gray sca.e detector may be recorded using 8 bits of data. 
Tnus the data will appear as a value between 0 and 255. The color of each chemical sensitive element may be 
35 represented as a red, blue and green value. For example, a blank particle (i.e., a particle which does not include a 
receptor) will typically appear white. When each of the LED lights (red. b.ue and green) are operated the CCD 
detector will record a value corresponding to the amount of Hght transmitted through the cavity. The intensity of 
the light may be compared to a b.ank particle, to determine the absorbance of a particle with respect to the LED 
light which is used. Tnus, the red, green and b.ue components may be recorded indiv.dua.ly without the use of a 
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co.or CCD detector. In one embodiment, it is found that a b.ank particle exhibits an absorbance of about 253 when 
iUununated w.th a red LED, a value of about 250 when illumtnated by a green LED, and a value of about 222 when 
iUununated with a blue LED. This signifies that a blank parhcle does not significantly absorb red, green or blue 
Hght When a particle with a receptor » scanned, the particle may exhibit a color change, due to absorbs by the 
receptor For example, i, was found that when a particle which includes a 5-carboxyfluorescem receptor ,s 
subjected to wh,,e light, the particle shows a strong absorbance of blue light. When a red LED ,s used , illurmnate 
the particle, the gray scale CCD detector may detect a value of about 254. When the greea LED is used, the gray 
scale detector may detect a value of about 218. When a blue LED light is used, a gray scale detector may detect a 
value of about 57. The decrease in transmrttaace of blue hght is bel.eved to be due to the absorbance of blue hgh« 
by the 5-carboxylluorescetn. In this manner the color changes of a particle may be quantitatively charactenzed 

using a gray scale detector. 

As descnbed above, after the cavities are formed in the supporting member, a pamcle may be posittoned at 
the bottom of a cavity using a micromanipulator. This allows the location of a particular pamcle to be precisely 
controlled dunng the production of the array. The use of a micromanipulator may, however, be impracttcal for 
production of sensor array systems. An alternate method of pladng the particles into the cav.ties may nwolve the 
use of a silk screen like process. A series of masking matenals may be placed on the upper surface of the sensor 
array prior to filling the cavuies. The masking materials may be composed of glass, metal or plastic matenals. A 
collection ofpartic.es may be placed upon the upper surface of the masktng materials and the particles may be 
moved across the surface. When a cavity is encountered, a particle may drop into the cavity if thecavtfy ts 
20 unmasked. Thus particles of known composition are placed in only the unmasked regtons. After the unmasked 
cavities are filled, the masking pattern may be altered and a second type of particles may be spread across the 
surface Preferably, the masking material will mask the cavities that have already been filled with pamcle. The 
masking material may also mask other non-filled cavities. This techmque may be repeated until all of the cavr.es 
are filled After filling the cav.ties, a cover may be placed on the support member, as described above, to trMnt 
25 the displacement and nuxtng of the particles. An advantage of such a process is that « may be more amenab.e to 
industrial production of supporting members. 

Further modifications and alternative embodiments of various aspects of the invention will be apparent to 
those skilled in the art in v,ew of tins description. Accordingly, this description is to be construed as illustrate 
only and is for the purpose of teachmg those skilled » the art the general manner of carrying out the invenUon. It k 
30 .o be understood that the forms of the invention shown and described here* are to be taken as the presently 

preferred embodiments. Elements and matenals may be substituted for those illustrated and described herein, parts 
and processes may be reversed, and certain features of the mvention may be utilized independently, all as would be 
apparent to one skilled in the art after having the benefit of this description of the tnvention. Changes may be made 
in the elements described herein without departing from the qmit and scope of the mvention as described » me 
35 following claims. 
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What is claimed is: 

I. A system for detecting an analyte in a fluid comprising: 

a light source; . 

a sensor array, the sensor array comprising a supporting member compnstng at least one cavrty formed 

within the supporting member; 

a particle, the particle posinoned with* the cavuy, wherein the particle ts configured to produce a 
signal when the particle interacts with the analyte during use; and 

a detector, the detector being configured to detect the signa. produced by the interaction of the analyte 

! o with the particle during use; 

wherein the light source and detector are positioned such that light passes from the hght source, to the 

particle, and onto the detector during use. 

, The system of claim 1, wherein the system composes a plurahty ofpamc.es positioned within a 

p.ural.ty of cavmes, and wherein the system ts configured to substantially stmultaneously detect a 

plurality of analytes in the fluid. 

3. me system of claim 1, wherein the system comprises a plurality of particles portioned within the 

cavity. 

4. The system of claim 1 , wherein the light source comprises a light emitting diode. 

5. The system of claim 1 , wherein the light source comprises a white light source. 
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6 The system of claim 1. wherein the sensor array further comprises a bottom .ayer and a top cover layer, 
wherein the bottom layer is positioned below a bottom surface of the suppomng member, and where* 
the top cover layer is positioned above the upper surface of the suppomng member, and wherem the 
bottom layer and the top cover layer are positioned such that the particle ,s substantially contarned 
within the caviry by the bottom layer and the top cover layer. 

7. The system of clatm 6, wherem the bottom layer and the top cover layer are substantially transparent to 
light produced by the Hght source. 

8 The system of claim 1, wherein the sensor array further comprises a bottom layer and a top cover layer, 
35 wherem the bottom layer ,s coupled to a bottom surface of the supporting member, and wherem the top 

cover layer is coupled to a top surface of the supporting member; and wherein both the bottom layer 
and the top cover layer are coupled to the supporting member such that the particle ,s substantra.ly 
contained within the cavity by bottom layer and the top cover layer. 
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light produced by the light source. 
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layer comprises silicon nitride. 

, , . me system of claim 1. wherein the sensor array further comprises a sens.g cavity formed on a bottom 

surface of the sensor array. 
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produced by the light source. 

13 . T*e system of claim further compnstng a fluid del.very system coupled to the support member. 

20 14. The system of claim 1, wherein the detector compnses a charge-coupled device. 

15 . The system of claim 1, wherein the detector comprises an ultraviolet detecor. 

,6. The system of claim 1. where* the detector compnses a fluorescence detector. 

" 17 . The system of Cairn 1. where, the detector compnses a senuconductor based photodetector, attd 
wherein the detector is coupled to the sensor array. 

18 . Tne system of c.atm ., where.n the particle ranges from about 0.05 micron to about 500 microns. 

30 19 . The system of claim 1. wherein a volume of the part.de changes when contacted with the flutd. 

20. The system of claim I, whereui the parricle compnses a metal oxide particle. 

35 21. The system of claim 1, wherein the particle comprises a metal quantum particle. 

22. The system of churn 1, wherem the particle comprises a semiconductor quantum panicle. 
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23. The system of claim 1. wherein the particle comprises a receptor molecule coupled to a polymenc 



resin. 



24. The system of claim 23. wherein the polymenc restn composes polystyrene-polyethylene glycol- 

5 divinyl benzene. 

25 . The system of claim 23, wherem the receptor molecule produces the signal in response to the P H of the 
fluid. 

10 26. The system of chum 23, wherem the analyte comprises a metal ton. and whereat the receptor produces 
the signal in response to the presence of the metal ion. 

27. The system of claim 23, wherein the analyte compnses a carbohydrate, and wherem the receptor 
produces a signal in response to the presence of a carbohydrate. 

^ 28 The system of claim 23, wherem the particles further compnses a first indicator and a second indicator, 
the first and second indicators being coupled to the receptor, wherem the interacts of the receptor 
with the analyte causes the first and second indicators to interact such that the signal is produced. 

20 29 Tne system of claim 23, where* the particles farther compnses an indicator, wherein the indicator is 
associated with the receptor such that in the presence of the analyte the indicator is displaced from the 
receptor to produce the signal. 

30. The system of claim 23, wherem the receptor compnses a polynucleotide. 

25 

31. The system of claim 23. wherein the receptor comprises a peptide. 

32. The system of claim 23. wherein the receptor comprises an enzyme. 

30 33. The system o f claim 23, wherein the receptor comprises a synthetic receptor. 

34. The system of claim 23, wherem the receptor compnses an unnatural biopolymer. 

35. The system of claim 23, wherein the receptor comprises an antibody. 



35 

36. The system of claim 23, wherein the receptor comprises an antigen. 



37 The system of claim 1, wherem the analyte compnses phosphate functional groups, and wherein the 
particle U configured to produce the signal in the presence of the phosphate functional groups. 
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Tie system of claim 1. wherein the ana.yte comprises bacteria, and where* the panicle i. configured 
,o produce the signal in the presence of the bacteria. 



The system of claim 1 . wherein the system compnses a plurahry of particles posmoned within a 
plurality of cavities, and wherein the plurality of particles produce a detectable pattern in the presence 

of the analyte. 

40. A system for detecting an analyte in a fluid comprising: 
a light source; 

a sensor array, the sensor array compnsing a support^ member comprising a plurality of cavmes 

formed w.thin the supporting member, wherein the supporting member comprises s.hcon; 

a plurahry of particles, the part.cles compristng a receptor mo.ecule covalently linked to a polymenc 

resin wherein the particles are positioned within the cavities, and where* each of the parties ts 

configured to produce a signal when the particle interacts with the analyte during use; and 

a detector configured to detect the s.gnal produced by the tnteraction of the analyte w,th the parttcle 

during use; 

where, the hght source and detector are posinoned such that hght passes from the hght source, to the 
particle, and onto the detector during use. 

The system of claim 40, wherein the system is configured ,o substantially suxtultaneously detect a 
plurality of analytes in the fluid. 

The system of claim 40, wherein each cavity is configured to hold a single particle. 

The system of claim 40, where* each cav.ty ,s configured to hold a plurahry of particles. 

The system of claim 40, wherein the sensor array further compnses a bottom layer and a top cover 
,ayer wherein the bottom layer » positioned below a bottom surface of the supporting member, and 
where* the top cover layer is portioned above the upper surface of the supporting member, and 
.herein the bottom layer and the top cover layer are posinoned such that the pantcle is substantially 
contained within the cavity by the bottom layer and the top cover layer. 

45. The system of claim 44, where* the bottom layer and the top cover layer are substantially transparent 

to light produced by the light source. 



35 

46. 



The system of claim 40, where* the sensor anay further comprises a bottom layer and a top cover 
,aye, where* the bottom layer is coupled to a bottom surface of the supporting member, and where* 
the top cover layer ,s coupled to a top surface of the suppomng member; and wherein both the bottom 
,ayer and the «p cover layer are coupled to the supponmg member such that the particle „ 
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substantially contained within the cavity by bottom layer and the top cover layer. 

47. The system of claim 46, wherein the bottom layer and the top cover layer are substantially transparent 
to light produced by the light source. 

5 48. The system of claim 40, wherein the sensor array further comprises a bottom layer coupled to the 
supporting member, and wherein the bottom layer comprises silicon nitride. 

49. The system of claim 40, wherein the sensor array further comprises a sensing cavity formed on a 
1 o bottom surface of the sensor array. 

50. The system of claim 40. further comprising a fluid delivery system coupled to the supporting member. 

51. The system of claim 40, wherein the detector comprises a charge-coupled device. 

15 

52. The system of claim 40, whereui the detector comprises a semiconductor based photodetector, and 
wherein the detector is coupled to the sensor array. 



53. The system 

20 



The system of claim 40, wherein the particle ranges from about 0.05 micron to about 500 microns. 

54. The system of claim 40, wherein a volume of the particle changes when contacted with the fluid. 

55. The system of claim 40. wherein the polymeric bead comprises a polystyrene-polyethylene glycol- 
divinyl benzene resin. 

25 

56. The system of claim 40, wherein the receptor molecule produces the signal in response to the P H of the 
fluid. 

57. The system of claim 40, wherein the analyte comprises a metal ion, and wherein the receptor produces 
30 the signal in response to the presence of the metal ion. 

58. The system of claim 40, wherein the analyte comprises a carbohydrate, and wherein the receptor 
produces a signal in response to the presence of the carbohydrate. 

35 59. The system of claim 40, wherein the particles further comprises a first indicator and a second indicator, 
the first and second indicators being coupled to the receptor, wherein the interaction of the receptor 
with the analyte causes the first and second indicators to interact such that the signal is produced. 

60. The system of claim 40. wherein the particles further comprises an indicator, wherein the indicator is 
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^ *. recep.0, -t ft. » » «*" " — * ^ " 

receptor to produce the signal. 



61. The system 



of claim 40, wherein the receptor comprises a polynucleotide. 



5 62. The system of claim 40. wherein the receptor comprises a peptide. 

63 . The system of claim 40, wherein die receptor compnses an enzyme. 
10 64. The system o f claun 40, where* the receptor compnses a synthetic receptor. 

65 . Ue system of c.aun 40, where, the receptor comprises an unnatural b.opo.yme, 

66. The system of claim 40. wherein the receptor comprises an antibody. 

67. The system of claim 40, where* the receptor compnses an antigen. 

68. T *^«^*^*f^^^^** V ~~** m 

analyte. 

20 

69 A. sensor array for detecting an analyte in a fluid compnsing: 
particle interacts with the analyte. 



71. The sensor array 
polymeric resin. 

30 

72. The sensor array 
500 microns in diameter. 



of claim 69, where* the pride comprises a receptor molecule coupled to a 



of claim 69, where* the particle has a svze rangtng from about 0.05 micron to about 



73 r^^^^^^^^^^^^T 

35 ' 500 rmcrons in diameter, and where* the cavity is configured to substantially conta* the parucle. 

74 . The sensor array of claun 69, where, the supporting member comprises a plastic materia.. 

75 . The sensor array of claim 69. where* the supporting member compnses a silicon wafer. 
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76. The sensor array of claim 75. where, the cavity extends through the silicon wafer. 

77 -n. sensor array of claim 75,wherein the cav.ty is substantially pyramidal in shape and wherein the 

5 7 , The sensor array of c.a,m 75, further co.pns.ng a substantial transparent ,ayer positioned ona 
bottom surface of the silicon wafer. 

„ lb. — . ».y of Cin, 75. ft*. . — * — — ^ " * 

«o» rti or <*- — — ^ """" 

oioxidc, silicon nimdc. « .ilicon o^«lic« ** m»ia.y» Oct.. 

SO — », - d*. 75. ft*, compn^ . —I, ^ P— - • 

to „ m surface of ibc siiico, w.fc, 4-ft — * «— »** — ~ ""<" 

15 nitride. 

82 TWnsorarrayofclau^.fu^ 
20 wherein from about 10 to about 10* cavities are formed in the silicon wafer. 

S3 The sensor array of claim 69, further compnstng channels in the supporting member, where* the 

coating is configured to inhibit dislodgme.it of the particle. 

supporting member, where* the detector .s postponed below the cav.ty. 
30 S6. The sensor array of claim 85, wherein the detector is a semiconductor based photodetector. 
,7. The sensor array of claim 85, where* the detector is a Fabry-Perot type detector. 

optical fiber is configured to transmit optical data to a microprocessor. 



89, The sensor array 
sensor array. 



o« rt r.h™i filters couDled to a bottom surface of the 
of claim 69, further comprising an optical tnters coupicu u 
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90. The sensor array of claim 69. further comprising a bamer layer positioned over the cavuy, the barrier 
layer being configured to inhibit dislodgment of the particle daring use. 

91 The sensor array of claim 90, wherein the barrier .ayer composes a substantially transparent cover 
5 ' plate positioned over the cavity, and wherein the cover plate ,s positioned a fixed distance over the 

cavity such that the fluid can enter the cavity. 

92 . The sensor array of claim 91. where* the bamer layer compnses plastic, glass, quartz, s.licon oxide, 
or silicon nitride. 

10 93 . The sensor array of claim 69. further composing a plurality of particles positioned within a plurality of 

cavities formed in the supporting member. 

94 The sensor array of claim 69, wherein the system comprises a plurality of panicles positioned wttnin a 
ptalhy of cavmes, and wherein the pluraUty of particles produce a detectable pattern in the presence 

oftheanalyte. 

95 A sensor array for detecting an analyte in a fluid comprising: 
a supporting member, wheretn the supporting member comprises a silicon wafer, and where* a 
plurality of cavities are formed within the supporting member; 

a plurality of parhcles, at least one particle being posinoned in each of the cavtties, wherein the 
particles are configured to produce a signal when the particles interact with the analyte. 



15 



20 



25 



96. The sensor array 

97. The sensor array 
polymeric bead. 



of claim 95, where* a plurality of particles is positioned within each of the cavities, 
of claim 95, whereui the particles comprise a receptor molecule coupled to a 



f claim 95, wherein the cavity extends through the supporting member. 

30 , of claim 95.wherem the cavity is substantially pyramidal in shape and wherein the 

substantially tapered at an angle of between about 50 to about 60 degrees. 



98. The sensor array o 

99. The sensor array 



sidewalls of the cavity are 

,00. The sensor array of claim 95, further comprising a substantially transparent layer positioned on a 
35 bottom surface of the supporting member. 

101 The sensor array of claim 95, further comprismg a substantially transparent layer portioned on a 
bottom surface of the silicon wafer, wherein the substantially transparent layer comprises s.hcon 
diox.de, silicon nitride, or silicon oxide/silicon nitride multilayer stacks. 
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,02 H. sensor array of claim 95. further comprise a substantially transparent layer positioned on a 
' bottom surface of the sUicon wafer, wherein the substantial* transparent »ayer compnses s.l.con 

nitride. 

,04 The sensor array of datm 95. further Compaq a plurality of cavities formed in the silicon wafer, and 
wherein from about 10 to about 10' cavities are formed in the silicon wafer. 

10 105 H* sensor array of data 95, further composing channels in the supporting member, wheretn the 
channels are configured to aliow the fluid to flow through the channels into and away from the 

cavities. 

,06. T*~W«^»^"^~^^^^****~ 

15 coatuig is configured to inhibit dislodgment of the particle. 

, 07 TTte sensor array of clatm 95. further composing a detector coupled to the bottom surface of the 
supporting member, wherein the detector is positioned below the cav.ty. 

20 108. Tne sensor array of clan. 107, wherein the detector is a semiconductor based pbotodetector. 
l09 . Tlte sensor array of claim 107, wherein the detector is a Fabry-Perot type detector. 

, 10 . sensor array of cla.m 107. further comprising an optical fiber coupled to the detector, wherein the 

25 optical fiber is configured to transmit optical data to a microprocessor. 

„,. T,esensorarrayofclaim95^^^ 

layer being configured to inhibit dislodgment of the particle during use. 

30 112. ^«^^"l.^*"^^ ,M ^^ h ^- 

cavity, and wherein the cover plate ,s positioned a fixed distance over the cavity such that the fund can 

enter the cavity. 

, ,3 The sensor array of claun 1 1 1 , further comprising channels in the supporting member, wherein the 

cavities, and wherein the barrier layer comprises a cover plate posttioned upon an upper surface of the 
the fluid enters the cavities via the channels. 
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„4. The sensor array of clatm .11. wheretn the bamer layer compnses plasttc. glass, quartz, s.licon o«de, 

or silicon nitride. 

„ 5 A method for forming a sensor array configured to detect an analyte in a fund, comprising: 

forming a cavity in a supporting member, wherein the supporting member compnses a silicon wafer; 
p, acl ng a particle in the cavtty, wheretn the panicle is configured to produce a signal when the parttcle 

interacts with the analyte; and 

formtng a cover upon a portton of the suppomng member, wheretn the cover ,s configured to tnhtbtt 
dislodgment of the particle from the cavity. 

, , 6 . The method of chum 115, wherein forming the cavtty compnses anisotropically etching the stlicon 

wafer. 

1 17. The method of claim 1 15, wheretn fornung the cavity comprises antsotrop.cally etchtng the silicon 

wafer with a wet hydroxide etch. 

! 18 The method of clatm 1 15, wheretn forming the cav.ty compnses arusotroptcally etching the s.licon 
wafer such that stdewalls of the cavtry are tapered at an angle from about 50 degrees to about 60 

degrees. 

, 19 . The method of claim 1 1 5, wherein the silicon wafer has an area of about 1 ctn> to about 100 erf. 

120 . The method of claim 1 15, further comprising forming a substantially transparent layer upon a bottom 

surface of the silicon wafer below the cavity. 

,21 The method of clatm 1 15, further compnstng formtng a substantially transparent layer upon a bottom 
surface of the stlicon wafer, wheretn the cavity extends through the sihcon wafer and wheretn the 
substantially transparent layer is positioned to support the particle. 

30 122. The method of claim 115, wheretn the substantially transparent layer compnses sihcon nitride. 

,23. The method of claun 115, wheretn the cover comprises plasttc. glass, quartz, silicon nitride, or silicon 
oxide. 

35 ,24. The method of claim 11 5, wherein forming the cover comprises coupltng the cover to the silicon wafer 
at a distance above the silicon wafer substantially less than a width of the pamcle. 

125 Tne method of claim 115. further compnsing etching channels in the sihcon wafer pnor to fomung the 
cover on the sihcon wafer, wherein forming the cover comprises plactng the cover against the upper 
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surface of the silicon wafer, and wherein the channels are configured to allow the fluid to pass through 
the silicon wafer to and from the cavities. 

1 26. The method of claim 115, further comprising coating an inner surface of the cavity with a material to 
5 increase adhesion of the particle to the inner surface of the cavity. 

127. The method of claim 115, further comprising coating an inner surface of the cavity with a material to 
increase reflectivity of the inner surface of the cavity. 

10 128. The method of claim 1 15, further comprising forrning an optical detector upon a bottom surface of the 
supporting member below the cavity. 

129. The method of claim 1 15, further comprising forrning a sensing cavity upon a bottom surface of the 
supporting member below the cavity. 

15 

1 30. The method of claim 1 29, wherein forming the sensing cavity comprises: 
forming a barrier layer upon a bottom surface of the silicon wafer; 
forming a bottom diaphragm layer upon the barrier layer; 

forming etch windows extending through the bottom diaphragm layer; 
20 forming a sacrificial spacer layer upon the bottom diaphragm layer; 

removing a portion of the spacer layer; 
forming a top diaphragm layer; and 
removing a remaining portion of the spacer layer. 

25 131. The method of claim 1 30, further comprising filling a portion of the sensing cavity with a sensing 
substrate. 

132. The method of claim 1 15, further comprising forming an optical filter upon the bottom surface of the 
supporting member. 

30 

133. The method of claim 115, further comprising forming a plurality of cavities in the silicon wafer. 

134. The method of claim 115, wherein from about 10 to about 10 6 cavities are formed in the silicon wafer. 

35 135. A sensor array produced by the method of claim 115. 

136. A method of sensing an analyte in a fluid comprising: 

passing a fluid over a sensor array, the sensor array comprising at least one particle positioned within a 
cavity of a supporting member; 
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to people change . caused » «* *»"' ° f "» "* te 

^ of claun ,36, .herein to spectroscopic change comprises . change » abs.rbanoe.f the 



137. The 

particle 



138. The 

particle. 



meth od ofciaun 136, where, the spectroscopy change comprises a change in florescence of the 



10 139. The 

the particle. 



r^od of .iaun ,36. wherein * spearoscopic > " ° f 



140. 



20 142. 



25 



r^*»* tP Ho f *.« ii ,^.-»^™™ te sp e «o SC op,c^o (te 
15 r^ic.eallowstopHoftofluidlobedetetmiiied. 

is produced in response to the presence of the metal carton in to fluid 

Ue rnemod of Cairn ,36. wherein to -V<« <• - — - — "» " ** " 

produced » response to *e presence of the «uon in the fluid. 

143 ^^u^n 6 ,^^^^.^^^ 

charge is produced i. response to the presence of the DMA moled. » "»«<• 

,„ Thernetodofclaun ,36. where* U.pro.e,, andwh.retn to spectroscopy char*, ts 
produced in response to the presence of the protein » the flu.d. 

M m eme»od.fe,un l 36,.heretntos..,,,.isar»eu^^^^^^^ 
30 produced in response to the presence of the metabolite in to Huid. 

,46. The method of Can. ,36, where* the an,,* is a sug,. and .toreu, to spectroscopic ,h,„ 8 e rs 
produced in response to the presence of the sugar in the fluid. 

35 , 47 Tb. — -«>*■»^*^»•^ - * , **•* M * ,^ * fc ** i, 

produced in response to the presence of to bactena in to And. 

148 The method of cUhn ,36, whereu, to par.* comprises a receptor coupied to a p.,yrnenc resin. aud 
le,eomp„s, 8 e W osu, 8 toparrtc,e,o.n l nd,ca B rpHo, ro p,s,ston„ido,e,tosensorar,., 
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biotas «"»S* ™*' y,t " "* 
, „. Th „*od of *i» !«. w^u, » • »»•»««»' ^ 

b.cKri, pnor ,o passu* 0.e fluid o.« the sensor .my 

device. 

spectroscopic change. 
,« A sensor array for detecting an analyte in a fluid comprising: 

pluralityofcaviriesareformedwithinthesupportingmember; 
"Jtyofpa.^ 

A method of sensing an analyte in a fluid comprising: 

fi„,H nvpr a sensor array, the sensor array comprising: 

„ specie eta* is e.used by 40 in*™*, of d» »H« »■* <* P»°* 

a,„ w mmorises a change in absorbance of the 
35 157 . Themethodofclaiml56.whereinthes P ectrosco pi cchangecompnsesac g 

particle. 

158 . Tne «,hod ofcUi- — i - *» ' ^ * 

particle. 
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mmnrises a change in fluorescence of the 
159 . The method of claim 156, wherem the spectroscopy change compnses 

particle. 
3 the particle. 

panicle allows the pH of the fluid to be determined. 
,s produced in response to the presence of the metal canon in the flu.d. 

binding strength of the analyte to the receptor. 

m ^hoo of Cain,,* hn*.,— ft»,«»th.n M ca» pnor to passing *« 
nu i d ., e ,^ S en,or m ,w^ 4 e,d,e»,o,i S c„f,g»-eo»e W ie OT «.^. 

2S ^^^.^^^^^^^ 
bacteria prio, to passing the Ik* <"« "* «~ "™ y ' 

device. 

spectroscopic change. 
35 170. A system for detecting an analyte in a fluid comprising'- 

panic,, is eonf.guteo to proOuce , s igM i when tite prt* k— - *■ - 
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particle, and onto the detector during use. 

fnr detecting an analvte in a fluid comprising: 

si8M l whep to p»niele iwencis te ""'l™- 
A method of sensing an MlyK i» » ""W™* 

to spee.oso.pie eh«e is e»sed by to ■*«*» of to »e.y« ««h to pPHKle. 

narncle interacts with the analyte; 
use. 

lv5 . -n,. seps«»>.y of cUu, .73, «-* to p»i* eompdses . eeeep.o, ™le=u,e coppied . . 

polymeric resin. 

500 microns in diameter. 

„ ,, Ue seps.r of e,* WW - «-**• . cove, Lye, eoupied ,. to su^nipg — -d 
30 178. The sensor an y „w™ the cover layer and the bottom layer are 

a bottom layer coupled to the suppomng member, wherem the cover lay 

removable. 



15 



179. 



35 



aligned with the cavities during use. 
18 „. ^ ! epso,^ofe ta . 1 ^e t eo™p»„ S .eove,Uye,e Wl ed»tosuppo^^e, ra d 
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„» m hoT wherein the bottom layer is coupled to a bottom 
. Knrtnm laver coupled to the supporting member, wherein we a 

181. The sensor a y . mW( . r wherein an opening is formed in the cover layer 

a bottom layer coupled to the supportmg member, wherem an op g 

substantially aligned with the cavity, 
of the particle. 

abooMly tes *» 1 wid,h ot "* P*"" 1 ' 

^^i^»^^^*"" c ^"^" c " f ' 8 :: pp t 
^^-l--^'.^"™-- l ** ,4 ' , **■"*■ 

member. 

!5 186 . Tnesensorarrayofclan.17^^ 

187 . The sensor array of c.aim 173. where, the support member comprises a silicon wafer. 

f i-im 1 73 wherein the supporting member comprises a dry film photoresist 
30 188. The sensor array ofclaim 173, wnerein me S up H 

material. 

l89 . » «« m of m. -* * — — ' '"™"" y ° f ,aV " S °' ^ ^ 

film photoresist material. 

^^r.fthpravirv is coated with a reflective 
,90. Tte sensor array of claim 173, wherem an mner surface of the cavrty 

material. 
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polity of additional cavities formed in the supporting member. 
193. A system for detecting an analyte in a fluid comprising: 

ali8ht Tav t he sensor array compnstng a supporting member compHstng at ieast one cavtcv formed 
a sensor array, the sensor a y P uch ^ ^ fluid e „tenng the cavity 

within the supporting member, wherein the cavity is coni.gurea 
„««>< throueh the supporting member during use; 

• < ». M the article interacts with the analyte during use; and 

r^^^*"---'•*-'-*- l ' fci -- i - c, * , ■ , *" 

particle, and onto the detector during use. 

f Cairn 193 wherein the system comprises a plurality of particles portioned within a 

20 plurality of analytes in the fluid. 

cavity. 

emitting diode, and a green light emitting diode. 
30 m. Tbc system of claim .93, where* the light source comprises a white light source. 

19 , -systemofclam^^ 

supporting member and a bottom layer coupled to the supporting member, wherein the 

the bottom layer are removable. 

™™ortin e member and a bottom layer coupled to the suppomng member, where* th 

ZZZ-— 

that are substantially aligned with the cavities during use. 
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202. 

10 

203. 

15 



204. 
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,0, The s,s™ of cUi- *= «■„ c™pn« • -«r hye, couple* ,0 

JL ,he co.e, Uye, - *« b.».» -y<r »** *" » — 1 " 8 ""' ** 

cavities during use. 

The system of claun 193, where* the sensor array further composes a cover .ayer coup.ed to the 
supporting member and a bortom layer cou pl ed to the supporting member, where* an openrng rs 
filed in the cover layer substantially aligned with the cavtty, and wheretn an opetnng .s formed tn 
the bottom layer substantially aligned with the cavity. 

Tbe system of claun 193, wherein the cavity ts substantially tapered such that the w.dth of the cav.ty 
^owsmadtreConfromatopsurfaceofthe supporting member toward a bottom surface of^e 
supp0 rnng member, and whe^^ 
the particle. 

me system of claim 193, wherein a width of a bottom port.on of the cavtty ,s substantial! ylessthana 
width of a top portion of the cav.ty, and wherein the width of the bottom pomon of the cavtty » 
substantially less than a width of the particle. 

205 Tbe system of claun 193. where* me sensor array further composes a cover layer coupled to the 

25 aligned with the cavity. 

206. The system of claim 193, further comprising a removable cover layer. 

207. The system of claim 193, wherein the supporting member composes a plasnc material. 

208. The system of claim 193. wherein the supporting member comprises a silicon wafer. 

209. n* system of claun 193, where* the supporting member composes a dry film photorestst material. 

35 210. The system of claim 193, where* the supporting member comprises a phuahty of layers of a dry film 
photoresist material 

m. The ^ otC ta to »-* * - — • * th ™' eb 
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are configured to allow the fluid to flow through the channels mto and away from the cav.ty. 

213. The system of claim 193. wherein the detector comprises a charge-coupled device. 

214 . Tne system of claim 193, wherein the detector composes a semiconductor based photodetector, and 
wherein the detector is coupled to the sensor array. 

2,5. The system of claim 193, wherein the pamcle composes a receptor molecule coupled to a polymenc 



resin. 

10 



2.6. The system of claim 215. where* the polymenc resin composes polystyrene-polyethylene glycol- 

divinyl benzene. 

2.7. The system of claim 215. where* the receptor molecule produces the signal * response to the P H of 

\ 5 the fluid. 

218. The system of claim 215, wherein the ana.yte composes a metal ion, and where* the receptor 
produces the signal in response to the presence of the metal ion. 

• 1. i - „„„„^ c „ c n rarhohvdrate. and wherein the receptor 
20 219. The system of claim 215, wherein the analyte comprises a carbonyorate, an 

produces a signal in response to the presence of a carbohydrate. 

220 1*^^215.^*1^^"^^^*^ 

indicator, the first and second indicators being coupled to the receptor, wherein the interaction of the 
25 receptor with the ana.yte causes the fust and second indicators to interact such that the signal , 

produced. 

22, The system of claim 215, wherein the particles further composes an indicator, wherein the indicator is 
associated with the receptor such that in the presence of the analyte the mdicator is displaced from the 
3 0 receptor to produce the signal. 

222. The system of claim 215, wherein the receptor comprises a polynucleotide. 

223. The system of claim 215, wherein the receptor comprises a peptide. 

35 

224. The system of claim 215, wherein the receptor comprises an enzyme. 

225 The system o f claim 215, where* the receptor composes a synthetic receptor. 
226. The system of claim 215, wherein the receptor comprises an unnatural biopolymer. 
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227 . The system of clatm 215, where, the receptor corpses an annbody. 

228 . The system of clatm 215. where* the receptor compnses an antigen. 

, laim 193 where^eanaiylecontpnsesphospha.e^cnonalgroups.andwheremtite 

m «ricpc hactena and wherein the particle is 
230 The system of claim 193. wheretn the analyte compnses bactena, 

configured to produce the stgnal in me presence of the bactena. 

f claiml93 wherein the system compnses a plurality of particles positioned within a 

^ — --^^^^^"^ 

of the analyte. 

>■ u ftr n„, member the channel coupling the pump to the cavity 
wherein a channel is formed »n the suppomng member, the 
such that the fluid flows through the channel to the cavtty during use. 

„f claim 232 where* the particle compnses a receptor molecule coupled to a 
25 233. The sensor array of claim «Awn«c v 

polymeric resin. 

234 . ™«*.f.*232.^*^^^'^^ 

30 235 . ^^^of^^^^^^^'^^ 

f rtaim 232 wherem the supponing member comprises a dry film photores.st 
2 36. The sensor array of claim 232, wnereinure yy 

material. 

film photoresist material. 
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238. The sensor array 
material. 



of claim 232, where* an inner surface of the cavity ,s coated wuh a reflective 



am w of claim 232 further comprising a detector coupled to the bottom surface of the 
239 The sensor anay ol ciaim iji,tuiui r 

taye, be* «*fi!««l » i»hib« .islodg— of the P-m* dumg u*. 

,. 24 , ib. — »• — — ■ tani " i,,t "' os ' d ' > "'' ov " tt 

cowrie a nmniission etetren micto"»ps t^''- 
15 of cavities formed in the supporting member. 

presence of the analyte. 

20 

244 . Tie sensor array of claim 232, wherein the pump comprises a diaphragm pump. 

245 . The sensor array of claim 232. wherein the pump comprises an electrode pump. 
25 24 6. Thesensorar ray ofclaim232wheremmepum P com P nsesapie Z oelec^pu m p. 

247 . The sensor array of daun 232, wheretn the pump comprises a pneumatic activated pump. 

248. Tne sensor array of claim 232. wherein the pump comprises a heat activated pump. 
30 249. The sensor array of claim 232. wherein the pump composes a pensta.tic pump. 

250. The sensor array of clatm 232, wherein the pump compnses an e.ecrroosmosts pump. 

35 251 . Thesensorarray of claim 232, wherein the pump compnses an eiectxohydrodynanuc pump. 

252. The sensor array of clatm 232, wherein the pump compnses an electroosmosts pump and an 

electrohydrodynamic pump. 
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m v of data 2!' »ted» *< <»™V " *" ** "** ° f 

ZZ,— — 

of the particle. 

v of claim ^32 wherern a width of a bottom porrion of the cav.ty ts substantially less 
substantially less than a width of the particle. 
255 . A system for detectuig an analyte in a fluid compnsing: 

T td ,. L«L fluid ■„.»* c.,i*. »d ■ ch—l » f.»«d » *. •*»«». 



25 



^alwhenthepa*™^^^ 

a detector, the detector being confined to detect the s.gnal produced by 

20 with the particle during use; ijoht passes from the light source, to the 

wherein the light source and detector are pos.honed such that ught passes rro 

particle, and onto the detector during use. 

•n. t m0 fclaim255 wherem.be system composes a plurality of pamcles positioned with* a 

256 - ^r:-^-^^-^-" -1 

plurality of analytes in the fluid, 
25 , The system of claim 255, where* the Ught source compnses a light emimng diode. 

emitting diode, and a green light errutcing diode. 
259 . The system of claim 255, where, the Ught source comprises a wtnte light source. 
35 260 . T* system of claun 255. wherein the supporting member compnses a plasoc materia,. 

261. The system of clatm 255, wherein the suppomng member compnses a siheon wafer. 

262 . r*^^*^*^^^***^'"* 1 
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263. The system of claim 
photoresist material. 



255, where* the support member compnses a plurahty of layers of a dry film 
surface of the caviry is coated with a reflective material. 



5 



10 



264. The system of claim 255, wherein an inner 

dislodgment of the particle during use. 

266. Tne system of claim 255, where* the pump compnses a diaphragm pump. 

267. The system of Cairn 255, where, the pump compnses an electrode pump. 

268 . Tne system of chum 255 where* the pump compnses a ptezoelectric pump. 

269. Tne system of claim 255. where, the pump compnses a pneumattc abated pump. 

270. me system of claim 255, where* the pump comprises a heat activated pump. 
20 271. me system of claim 255, wherein the pump compnses a penstaltic pump. 

272. me system of claim 255, where* the pump comprises an electroosmosis pump. 

273 . me system of Cairn 255. where* the pump compnses an elecohydrodynamtc pump, 
of claim 255, where* the pump compnses an electroosmosts pump and an 



15 



25 

274. me system < 

electrohydrodynamic pump. 



the particle. 

,« of c ta 25S. wh« e » . wid* of e bonon, ponio, k - ' 

of , «, P«*» of*. - wta*. *= vrtdH. of d« - P°™» *• «™» • 

substantially less than a width of the particle. 



276. me system 

35 



The system of claim 255. wherein the detector compnses a charge-coupled dev.ce. 



277. The system 
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278. The system 



. c - rerent or molecule coupled to a polymeric 
of claim 255, wherein the particle composes a receptor moiec 



resui. 



279. The system of claim 
divinyl benzene. 



278. e*n,=nc «» »npns« polysty^-polyahyta* glycol- 



28 „ The iy .«m rf 278. *• ' " ' ~* 

iL.*«--^^^^"'* , -*"-* , "* , r , T 



IQ produced. 
281. The system 



15 

282 



of CM. 278. *l*«i» °»*»> » te MC1, 7 

receptor to produce the signal. 

The system of clan- 278, wherern the receptor comprises a polynucleotide. 
283. The system of claim 278, wherein the receptor comprises a peptide. 
20 284. The system of claim 278, wherein the receptor comprises an enzyme. 

285 . The system o f claim 278. where* the receptor composes a sypthetic receptor. 

286. The system of clan. 278. wherein the receptor comprises an unnatural biopolymer. 

287. The system of claim 278. wherem the receptor compnses an anubody. 

288. Ue system of claim 278. wherein the receptor compnses an antigen. 

30 289 T*^*^™^*^^^*"^****** 

configured to produce the signal in the presence of the bactena. 

290 Tne system of claun 255, where* the system compnses a plurahty of panicles positroned within a 

2 ^^^^^^^^^^^ 

35 of the analyte. 
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291 A sensor array for detecting an analyte in a fluid comprising: 
member; 

a first particle positioned within the fust cavity; 

a second particle positioned within the second cavity, wherein the second particle comprises a reagent, 
wherein a portion of the reagent is removable from the second particle when contacted with a 

decoupling solution, and wherein the reagent is configured to modify the fust partic.e, when the 
reagent ,s contacted with the first partic.e, such that the first pamc.e wiU produce a signal when the 
first particle interacts with the analyte during use; 

„ m - m h^r wherein the pump is configured to direct the fluid 
a first pump coupled to the supporting member, wherein me pump 

towards the first cavity; 

a second pump coupled to the suppomng member, wherein the second pump is configured to direct the 

decoupling solution towards the second cavity; 

wherein a first channel is formed in the supporting member, the first channe. coupling the first pump to 
me first cavity such that the fluid flows through the first channel to the first cavity dunng use and 
wherein a second channe, ,s formed in the supporting member, the second channel coupling the second 
cavity to the first cavity such that the decoupling solution flows from the second cav.ty through the 
second channel to the fust cavity during use. 

fa, polyene -a w to » Ibe «-d - <°"** " ' 

second polymeric resin. 

293 THe sensor array of c.aun 291, wherein the first particle comprises an indicator molecule coupled to a 
25 ' f tt st polymeric resin, and the second particle comprises a receptor molecule coupled to a second 

polymeric resin. 

294 The sensor array of claim 291, wherein the first particle comprises a first polymeric resin configured to 
bind to the receptor molecule, and wherein the second partic.e comprises the receptor molecule 

30 coupled to a second polymeric resin. 

295 . The sensor array of claim 291, wherein the supporting member comprises a plastic material. 

296. The sensor array of claim 291, wherein die supporting member comprises a silicon wafer. 

297. The sensor array of claim 291, wherein the supporting member comprises a dry film photoresist 
material. 

298. The sensor array of claim 29 . , where, the supporting member comprises a p.urality of layers of a dry 

66 
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film photoresist material. 

<w «f the first cavitv is coated with a reflective 
299 . The sensor array of claim 291, wherem an unci surface of the 

material. 

' arrav of claim 291 further comprising a detector coupled to the bottom surface of the 

300 The sensor array ot ciaim ^ii 1Uilu *- 

^.rt.g memto. wtoon *~» U posited below fe ta 

the additional cavities during use. 

„. TW — — — ** f "" ' ** ta *" """" 

J0J , ^ _ of 2, .. » ft. -d _ » PU»P. 

mbsoatiilly kis than a widlh of to second panicle, 
second particle. 

The sensor array of clatm 291 . further compnstng a reservo, coupled to the second pump, the 
reservoir configured to hold the decoupling solution. 



20 



304. 



305. 
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306. 
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307. 
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308. A system for detecting an analyte in a fluid comprising: 
a light source; 

a sensor array, the sensor array comprising: 

member; 

a first particle positioned within the first cavity; 

a second particle posted wtt» the second cavtty, wherein the second part.de composes 

eoledwithadecoupl^so^ and where, the ^i..^.^--*- 

partl cle, W he n the reagent ,s contacted wtth the fust particle, such that the f*st pamcle wtll 

. first pump coupled to the supporting membe, where, the pump » configured to direct the 

fluid towards the fust cavity; 

direct the decupling solution towards the second cavity; 

m ,o the -* such - «. <™ »<•« •»■* "* ™^ " *° < 

Lng us, and v-herein » *c.»d ch™l is form* * * »"*«• " 

a ,, .„,h, first cavitv such that the decoupling solunon flows 
channel coupling the second cavity lo the fust cavity sucn 

from the second cavit, through th. second ehamtel to the tot catrfty dunng use; and 
particle, and onto the detector during use. 

The system of Cain, 30, wherein the sensot .tray fu*e, comprises a plu.hry of add.do-1 parses 

posinoneawiu y wherein the second cavity is 

rtnuMy sta uta».sl, d««c, a ptaU V of mly» « dtc flmd, tutd ^het. 

coupled to the additional cavities such u», ihe reagent may be —d *» the second pamcl. 

the additional cavities during use. 

,10. The system of chin, 30g, wherein Ore Ugh. source comprise, a light etnimng diode 

35 enutung diode, and a green light emitting diode. 

312. The system of claim 308, wherein the light source composes a white light source. 

313 . T*^«^K^*to^<^^ M ^* M 
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309. 
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-< wh=™ s«o^ ^ m WW. -** ««**•< » ' — 

polymeric resin. 

, H The S »s.» of 308. *h™» » P->= -I*- - — — * "** 
5 po^nc ,e», - ft. ^ *** ■ —* ^ " ' — ' 

resin. 



315. 



10 



second polymeric resin. 



316. The system 



of claim 308, where* the supporting member compnses a plasric material. 



317 . The system of churn 308, where* the supporting member comprises a silicon wafer. 



15 



318. 



The system of clan, 308, wherein the supporting member comprises a dry film photoresist material. 



20 



25 



30 



35 



3l9 . The system of claim 308, wherein the support^ member composes a plurality of layers of a dry film 

photoresist material. 

material. 

321. The system of claun 308, where* the firs, and second pumps comprise a diaphragm pump. 

322 . The system of claim 308, where* the first and second pumps comprise an electrode pump. 

323 The system of Can. 308, where* the first pump comprises a diaphragm pump or an electrode pump 
and wherein the second pump compnses a diaphragm pump or an electrode pump. 

324 ^^^^^^^^^^^^^ 

' cavity narrows in a diction from a top surface of the supporfing member toward a bottom surface of 
the supporting member, and wherein a minnnum width of the first cavity is substantially less than a 
width of the first particle, and wherein the second cav.ty i. substantially tapered such that the w,dth of 

surface of the support^ member, and wherein a mimmum width of the second cavity is substannally 
less than a width of the second particle. 
325. The system of claim 308, wherein a width of a bottom pomon of the first cavity ,s substannally less 

69 
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-«* of the first cavity, and wherein the width of the bottom portion of the first 

particle. 

pump, the reservoir configured to hold the decoupling solution. 

^^^^^^^^^^^^^ 

configured to produce the signal in the presence of the bactena. 

, ,«„f-,<mred to detect an analyte in a fluid, comprising: 
dislodgment of the particle from the cavity . 

f„™,jno » substantially transparent layer upon a bottom 
Tl,ememodofclauii328,furAercompmmgfonnmgasubstandauytran Sp 

w h,l„w the cavity wherein the bottom layer is configured to inhibit 

member. 

supporting member below the cavity. 

,ubs«inti»lly ta to- » "M* of ** I"""*- 

35 cavity. 

being configured to pump the fluid to the cavity. 
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332. 



333. 



70 



1 i > 



PCT/US99/16162 

WO 00/04372 

■ • * «,,HHtrinnal cavities in the supporting member and 
The method of claim 328, further compnsmg forming additional 
^er compnsing placing additional particles in the additional cavities. 

• r • rt * , rt vpr wherein forming the cover comprises: 
The method of claim 328, further comprismg forming a cover, wherein g 

fornung a removable layer upon the upper surface of the supporting member, 

forming a cover upon the removable layer; - 

the cover; and 

dissolving the removable layer. 



334. 



335. 



10 



336. 



339 



.tort, d» qobp «• sri-wM, 1iP»> »* *' «"* 

• , ^ rhp ravities using a micromanipulator. 

338. The method of claim 328, wherein toe pamcles are placed » the cavmes usmg 

Themethodofclaim328,turtn P additional cavities , herein placing 

member, and further comprising placing additional particles 
*eaddinonalparticles^^^ 

ortinn of the additional cavities such that passage of a particle into the nrstporn 

unmasked,; 

.< Pitting ita .dditloMl p>rtid« o» lbs suppo>ti»8 muttr. .,,„•,*. 

second portion of the cavities. 
340 The method of claim 339, further comprising: 

portion of the cavities unmasked; 

placing additional particles on the supporting member; and . , f • tn thp third 

portion of the cavities. 
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J42, Tbe MM of d>i» 328. »h™» *= »W>*« —» * 

34 , „. „M tf «- 30. «— 1— • * ■** *" *" 

wafer. 

5 344 T.emethodofclaun342,whe^^ 

mem bertowardabottom surface of the suppomngmember.andwh^a,— umwdthofthe 
cavity is substantially less than a width of the particle. 



10 



„. ^^ofc^^w^^suppo^g^^.p^ofU^of.o,,^ 
photoresist material. 
15 ,47 Th c ^odofcl»™346,wh tre mfo™m8U«c««itycompri s c S : 

subsunSally Itss ibui i »idth of the panels; 

greater than the width of the first opening. 

348. THe method of claim 347, wherein the second dry film photoresUt layer comprises a thickness 
25 substantially greater than a width of the particle. 

a rpfVrtive laver upon the inner surface of the 

349. Hie method of claim 345, further comprising forming a reflective laye po 

cavity. 

350. Tie method of claim 328, wherein the supporting material comprises a plastic material. 

351 . Tta method of claim 350, where* the cavity is formed by drilling the supporting material. 

352. The method of claim 350, wherein the cavity is formed by transfer molding the supporting member. 

353. The method of claim 350. wherein the cav.ty is formed by a punching device. 

354. A sensor array produced by the method of claim 328. 
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355. A sensor array produced by the method of claim 342. 

356 . A sensor array produced by the method of claim 345. 
5 357. A sensor array produced by the method of claun 346. 

358. A sensor array produce by the method of claim 350. 
35 o A method of sensing an analyte in a fluid comprising: 

nasses through the supporting member; 

the spectroscopic change ,s caused by the interaction of the analyte with the parade. 
T* method of chum 359, wherein the spectroscopic change comprises a change in abscrbance of the 



15 

360. 

particle. 



361 

20 particle. 



H. m «hod ofc lM , 359. » ' " ' 



the particle. 

particle allows the pH of the fluid to be deterrnined. 
30 is produced in response to the presence of the metal cation in the fluid. 

produced in response to the presence of the anion in the fluid. 

35 366 ^^4^*^*^™^*^*'''^ 

change is produced in response to the presence of the DNA molecule in the fluid. 

367. Themethodofclau.359,^^ 

produced in response to the presence of the protein in the fluid. 
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' pr0 duced in response «o .he presence of the metabolite in the fund. 

l. • . h », nn lvt e is a suear, and wherein the spectroscopic change is 

369 Ihe method of claim 359. wherein the analyte is a sugar, an 

5 produced in response to the presence of the sugar ,n the fund. 

i „ e » harteria and wherein the spectroscopic change is 

370 The method of claim 359, where* the analyte ,s a bactena, 

produced in response to the presence of the bactena in the And. 

^ * dofclaim359 wherein the particle compnses a receptor coupled to a polymeric resin, and 
rurther comprising exposing the parncie io <ui 

u hinrfine streneth of the indicator to the receptor is less than a 
372. The method of claim 371, wherein a binding strength 

binding strength of the analyte to the receptor. 
15 373. Ttou^rt^m.^*^***^'**"' 

20 375 Theme*odofcla to 3 5 9,whe m ^ 

bacteria prior to passing the fluid over the sensor array. 

3 7, memethodofclau* ^^to*^***""*^"* 

25 device. 

spectroscopic change. 



30 



378. 



35 



The method of claim 359, wherein monitonng the spectroscopic change compnses: 

directing a red light source at the particle; 

detecting the absorbance of red light by the particle; 

directing a green light source at the particle; 

detectmg the absorbance of green light by the particle; 

directing a blue light source at the particle; and 

detecting the absorbance of blue light by the particle. 
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for detectine an analyte in a fluid comprising: 
379. A sensor array for detecting an yx wherein ^ pamcle is configured ,o produce 

at least one particle coupled to a supporting member, wbeiein V 
a signal when the particle interacts with the analyte. 

adhesive material. 

of claim 379 wherein the particle are coupled to the supporting member via a gel 
381. The sensor array of claim 3 /y, wnercm u f 

material, 
upper surface of the gel. 

l5 383. ^^^.fcto379.^c^.«P^^ te '* to 

384 The senior array of claim 379, further comprising a cover coupled to the supporting member, 
displacement of the particle from the supportmg member. 

20 fHaim 379 wherein the particle comprises a receptor molecule coupled to a 

385. The sensor array of claim 3 /y, wnerem uk F 

polymeric resin. 

nf rlaim 379 wherein the supporting member comprises a plastic material. 

386. The sensor array of claim i * wucicu* m vr 

25 f H .im 379 wherein the supporting member comprises a dry film photoresist 

387. The sensor array of claim 379, wnerein mc b 

material. 

30 film photoresist material. 

,„,. lb. saw., a™, of dam. 379. «tad« *. supponi.. ~*« ""I*- *»• 

„ » amy ««. 379, M. » — " " ^ 

, 5 „mb=,. wh Iie » to d^r i. p«i».=o below «* pan«le. 

39l . of o,a ta 379, a P^ - I— » * ■—*« 

member. 
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transparent to visible light. 

. n ^^l.. comoosed of a material substantially 
»J. Tie semi amy of claim 379, *«. 4= »PP»™» " 

5 transparent to ultraviolet light. 

,54. A syslcm for dmcMg an analyK in a fluid comprising: 

iT^Zi * — «* « to " """" " ' ■""T^T and 

particle, and onto the detector during use. 
» V, S y.Km of Cam, 304, .heroin mo syacm compri** a ptoli* of addm.n.l p.™*, conp.cd . 

plurality of analytes in the Quid. 

396. Tto^ot^M^W^B^'W^**- 

397. T*^«^™^»*™'^^ m ^^^ m 

emitting diode, and a green light emitting diode. 

398. The system of claim 394, where* the light source comprises a white light source. 

399 . Thesystemofclai^^^ 
adhesive material. 

30 400. Tii^--*^^*^-^• ta ■ , ^■ ,,, *"' ,, • , *■ ,,rf,l 

1 Jonofm«s»p P o* 8 mo„b.,,and»»«o«.^..of«.^^^*"^ 

35 surface of the gel. 

402 . The system of claim 394, wherein the sensor array further composes a cover posinoned above the 
particle. 
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displacement of the particle from the supporting member. 

• u ^ i ^ mn ri«? a receptor molecule coupled to a polymeric 
5 404. Thesystemofclaim394,whereinthepart 1 clecom P nsesarecept 

resin. 

40, Tl. q— — ■ 3K ** * — » — *" ' m ' e,ilL 

photoresist material. 

15 408. T t esy S temofcl ata 394, W heremthesup P om n gmemberco mP nsesglass. 

• t. mpmher is composed of a material substantially 

409. The system of claim 394, wherein the supporting member comp 

transparent to ultraviolet light. 

2 „ 4,0. V,^^^^^'^'' 1 "'^^' 

411 . ^^^.^^^"'^^^'^ 

resin. 

of the analyte. 
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